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Commissioner 
DOUG LITTLE AI:& 1 .$ 2015 

Commissioner “.- ” 2 -I 

I I------ _I ~ __ 
TOM FORESE 

Commissioner 

IN THE MATTER OF COMMISSION PIPELINE 
SAFETY SECTION STAFF’S COMPLAINT 
AGAINST DESERT GAS, LP, FOR VIOLATIONS 
OF COMMISSION RULES. 

A 

DOCKET NO. G-20923A-15-0030 

STAFF’S NOTICE OF FILING 
LATE FILED EXHIBITS 

During the evidentiary hearing held in the above captioned complaint, Staff was directed to 

file as late-filed exhibits, copies of various standards incorporated by reference into the Arizona 

Administrative Code, as well as a confirmation regarding the operating temperature for the process 

piping involved in the methane compressor addition at DG’s Ehrenberg facility. Staff hereby 

provides notice of filing the attached documents. Attachment A is a collection of screenshots of 

lperating temperatures for the suction lines at the facility that DG provided to Staff as well as a 

:hain of emails between Staff and a representative of DG explaining that the graphs show that the 

suction lines operate at temperatures in a range of approximately 58 to 98 degrees Fahrenheit. 

4ttachment B is a photocopy of excerpted portions of the American Society of Mechanical 

Sngineers (“ASME”) Standard B31.3 (1996 Edition) sections 328.2.1 (a), 328.2.2 and 341.3.4. 

4ttachment C is a photocopy of National Fire Protection Association (“NFPA”) Code standard 

59(A) (2001 Edition) Section 6.6.3.2. Attachment D is a copy of ASME Boiler Pressure Vessel 

Sode (1 995 Edition) Section IX. 
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DOCKET NO. 0-20923A-15-0030 

As was directed at the hearing, Staff is only provided the specified excerpted provisions. 

Staff would note that the full ASME Standard B31.3 is voluminous (it is approximately 700 

pages), and the NFPA Code standard 59(A) is approximately 60 pages. However, Staff is prepared 

to make those available if it would be helpful to better understand the respective code provisions. 

RESPECTFULLY SUBMITTED this 14th day of August, 201 5. a Charles . Hains 
Attorney, Legal Division 
Arizona Corporation Commission 
1200 West Washington Street 
Phoenix, Arizona 85007 
(602) 542-3402 

The original and thirteen (1 3) copies 
of ihe foregoing were filed this 
14 day of August, 201 5 with: 

Docket Control 
Arizona Corporation Commission 
1200 West Washingtonsstreet 
Phoenix, Arizona 85007 

Coxy of the foregoing mailed this 
14 day of August, 2015 to: 

Bret Bartholomey 
Desert Gas, LP 
1709 Utica Square - 240 
Tulsa, OK 74 1 14 

Mr. Raymond Latchem, President 
Desert Gas Services 
1709 Utica Square - 240 
Tulsa, OK 74 1 14 

Mr. Robert E. Marvin, Director, Safety Division 
Arizona Corporation Commission 
2200 North Central Avenue, Suite #300 
Phoenix, AZ 85004 

Jason D. Gellman 
Snell & Wilmer, LLP 
One Arizona Center 
400 East Van Buren Street, Suite 1900 
Phoenix, Arizona 85004 
Attorney for Desert Gas, LP 
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ATTACHMENT A 



From: 
Sent: 
To: 
Subject: 

Robert Mi l ler  
Friday, August 14, 2015 11:OO A M  
Charles Hains 
Fwd: MRC suction l ine temps 

Here is a brief explanation of how to read the chart and confirmation fiom DGS. 

Sent-fvom my Verizon Wireless 4G LTE DROJD 

-------- Original Message -------- 
Subject: FW: MRC suction line temps 
From: Scott Frye <SFrve@,azcc.gov> 
To: Robert Miller <RMiller@,azcc.gov> 
cc: 
Let me know if you get this. 

Thank you, 

Bryan Frye 
Arizona Corporation Commission 
Senior Pipeline Safety Inspector 
2200 North Central Avenue Suite 200 
Phoenix, AZ 85004 
(602) 262-5601 

From: Bret Bartholomy [bret@spectrumlng.com] 
Sent: Tuesday, August 11,2015 1:36 PM 
To: Scott Frye 
Cc: Robert Miller 
Subject: RE: MRC suction line temps 

Yes, that is correct. 

-----Original Message----- 
From: Scott Frye [mailto: SFrye@,azcc. gov] 
Sent: Tuesday, August 11,2015 3:23 PM 
To: Bret Bartholomy 
Cc: Robert Miller 
Subject: RE: MRC suction line temps 

Bret, 

In reviewing the charts it appears that the number in the upper right hand comer represents the temperature reflected on the line chart. 
If that is the case, then the operational temperature of the line in question has an range of approximately 58 to 98 degrees Fahrenheit. 
Would that be an accurate statement? 

Thank you, 

Bryan Frye 
1 



' Arizona Corporation Commission 
Senior Pipeline Safety Inspector 
2200 North Central Avenue Suite 300 
Phoenix, AZ 85004 
(602) 262-5601 

From: Bret Bartholomy [bret@spectrumlng.com] 
Sent: Monday, August 10,2015 6 5 7  Ah4 
To: Scott Frye 
Subject: MRC suction line temps 

These screen shots show the temperatures the MRC suction lines operate at. This is 2015 data since the computer doesn't archive 
more than 6 months history. 

The suction lines on MRC-6 you asked about were in continuous service from 7/28/14 to 9/17/14 when we removed them and 
performed an additional 15 xrays. 

Let me know if you need anythmg else, 
Bret 

1cid:imageOO 1 .png@,O lDOD34A.3BOD43701 
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The American Society of 
Mechanical Engineers 
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ASME R31.3-1996 Edition 327-328.2.2 

FABRICATHBN, ASSEMBLY, AND ERECT 

327 GENERAL 

Metallic piping materials, and components are pre- 
pared for assembly and erection by one or more of the 
fabrication processes covered in paras. 328, 330, 331, 
332, and 333. When any of these processes is used in 
assembly or erection, requirements are the same as for 
fabrication. 

328 WELDING 

Welding shall conform to paras. 328.1 through 328.6 
in accordance with applicable requirements of para. 
311.2. 

328.1 Welding Responsibility 

Each employer is responsible for the welding done by 
the personnel of his organization and, except as pro- 
vided in paras. 328.2.2 and 328.2.3, shall conduct the 
tests required to qualify welding procedures, and to 
qualify and as necessary requalify welders and welding 
operators. 

328.2 Welding Qualifications 

328.2.1 Qualification Requirements 
(a) Qualification of the welding procedures to be 

used and of the performance of welders and welding 
operators shatl conform to the requirements of the BPV 
Code, Section IX except as modified herein. 
(6) Where the base metal will not withstand the 180 

deg. guided bend required by Section IX, a qualifying 
welded specimen is required to undergo the same de- 
gree of bending as the base metal, within 5 deg. 

(c) The requirements for preheating in para. 330 and 
for heat treatment in para. 331, as well as such require- 
ments in the engineering design, shall apply in qualify- 
ing welding procedures. 

id) When impact testing is required by the Code or 
the engineering design, those requirements shall be met 
in qualifying welding procedures. 

(e) If consumable inserts [Fig. 328.3.2 sketch (d), (e), 
(0, or (g)] or their integrally machined equivalents, or 
backing rings, are used, their suitability shall be 
demonstrated by procedure qualification, except that a 
procedure qualified without use of a backing ring is aho 
qualified for use with a backing ring in a single-welded 
butt joint. 

(fl To reduce the number of welding procedure qua- 
lifications required, P-Numbers and Group Numbers 
are assigned to groupings of metals generally based on 
composition, weldability, and mechanical properties, 
insofar as practicable. The P-Numbers for most metals 
appear in a separate column in Table A-I. 

328.2.2 Procedure Qualification by Others. Each 
employer is responsible for qualifying any welding pro- 
cedure that personnel of the organization will use. Sub- 
ject to the specific approval of the inspector, welding 
procedures qualified by others may be used, provided 
that the following conditions are met. 

(a) The Inspector shall be satisfied that: 
( I )  the proposed welding procedure specification 

(WPS) has been prepared, qualified, and executed by a 
responsible, recognized organization with expertise in 
the field of welding; and 

(2) the employer has not made any change in the 
welding procedure. 

(b) The base material P-Number is either 1, 3, 4 Gr. 
No. 1 (IWCr max.), or 8; and impact testing is not 
required. 

(c) The base metals to be joined are of the same 
P-Number, except that P-Nos. 1, 3, and 4 Gr. NO. 1 
may be welded to each other as permitted by Section 
IX. 

(d)The material to be welded is not more than 19 
mm f% in.) in thickness. Postweld heat treatment shall 
not be required. 

(e) The design pressure does not exceed the ASME 
B16.5 PN 56 (Class 300) rating for the material at 
design temperature; and the design temperature is in 
the range -29°C to 399°C (- 20°F to 750"F), inclusive. 
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328.2.2-328.4.2 

cr) The welding process is SMAW or GTAW or a 

(g) Welding electrodes for the SMAW process are 
combination thereof. 

selected from the following classifications. 
AWS A5.1 AWS A5.4 

E60 10 E308-15, -16 
E601 1 E308L-15, -16 
E7015 E309-15, -16 
E7016 E310-15, -I6 
E7018 E-16-8-2-15, -16 

E316-15, 16 
E316L-15, -16 
E347-15, -I6 

AWS A5.5 
E701 0-A 1 
E7018-Al 
E801 6-B1 
E8018-Bl 
E801 5-B2L 
E8016-B2 
E801 8-B2 
E80 18-B2L 

(h) By signature, the employer accepts responsibility 
for both the WPS and the procedure qualification re- 
cord (PQR). 

(i) The employer has at least one currently employed 
welder or welding operator who, while in his employ, 
has satisfactorily passed a performance qualification 
test using the procedure and the P-Number material 
specified in the WPS. The performance bend test re- 
quired by Section IX, QW-302 shall be used for this 
purpose. Qualification by radiography is not accept- 
able. 

328.2.3 Performance Qualification by Others. To 
avoid duplication of effort, an employer may accept a 
performance qualification made for another employer, 
provided that the Inspector specifically approves. Ac- 
ceptance is limited to qualification on piping using the 
same or equivalent procedure wherein the essential var- 
iables are within the limits in Section ix. The employer 
shall obtain a copy from the previous employer of the 
performance qualification test record, showing the 
name of the employer, name of the welder or welding 
operator, procedure identification, date of successful 
qualification, and the date that the individual last used 
the procedure on pressure piping. 

328.2.4 Quaiification Records. The employer shall 
maintain a self-certified record, available to the owner 
(and the owner’s agent) and the Inspector, of the proce- 
dures used and the welders and welding operators em- 
ployed, showing the date and results of procedure and 
performance qualifications, and the identification sym- 
bol assigned to each welder and welding operator. 

328.3 Welding Materials 

328.3.1 Filler Metal, Filler metal shall conform to 
the requirements of Section IX. A filler metal not yet 
incorporated in Section IX may be used with the 
owner’s approval if a procedure qualification test is first 
successfully made. 

ASME B31.3-1996 Edition 

328.3.2 Weld Backing Material. When backing rings 
are used, they shall conform to the following. 

(a) Ferrous Metal Backing Rings. These shall be of 
weldablequality. Sulfur content shall not exceed 0.05%. 

(b)If two abutting surfaces are to be welded to a 
third member used as a backing ring and one or two of 
the three members are ferritic and the other member or 
members are austenitic, the satisfactory use of such 
materials shall be demonstrated by welding procedure 
qualified as required by para, 328.2. 

Backing rings may be of the continuous machined or 
split-band type. Some commonly used.types are shown 
in Fig. 328.3.2. 

(c) Nonferrous and Nonmetallic Backing Rings. 
Backing rings of nonferrous or nonmetallic material 
may be used, provided the designer approves their use 
and the welding procedure using them is qualified as 
required by para. 328.2. 

338.3.3 Consumable Inserts. Consumable inserts 
may be used, provided they are of the same nominal 
composition as the filler metal, will not cause detrimen- 
tal alloying of the weld metal, and the welding proce- 
dure using them is qualified as required by para. 328.2. 
Some commonly used types are shown in Fig. 328.3.2. 

328.4 Preparation for Welding 

328.4.1 Cleaning. Internal and external surfaces to 
be thermally cut or welded shall be clean and free from 
paint, oil, rust, scale, and other material that would be 
detrimental to either the weld or the base metal when 
heat is applied. 

328.42 End Preparation 
(a) General 

( I )  End preparation is acceptable only if the sur- 
face is reasonably smooth and true, and slag from oxy- 
gen or arc cutting is cleaned from thermally cut sur- 
faces. Discoloration remaining on a thermally cut 
surface is not considered detrimental oxidation. 

(2) End preparation for groove welds specified in 
ASME B16.25, or any other which meets the WPS, is 
acceptable. [For convenience, the basic bevel angles of 
ASME B16.25 and some additional J-bevel angles are 
shown in Fig. 328.4.2 sketches (a) and (b).] 

(b) Circumferential Welds 
(1)If component ends are trimmed as shown in 

Fig. 328.3.2 sketch (a) or (b) to fit backing rings or 
consumable inserts, or as shown in Fig. 328.4.3 sketch 
(a) or (b) to correct internai misalignment, such trim- 
ming shall not reduce the finished wall thickness below 
the required minimum wall thickness t,. 
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341.3.1-341.4.1 

ship, shall be examined in accordance with the applica- 
ble requirements of para. 341. The type and extent of 
any additional examination required by the engineering 
design, and the acceptance criteria to be applied, shall 
be specified. Joints not included in examinations re- 
quired by para. 341.4 or by the engineering design are 
accepted if they pass the leak test required by para. 345. 

(a) For P-Nos. 3, 4, and 5 materials, examination 
shall be performed after completion of any heat treat- 
ment. 

(b) For a welded branch connection the examination 
of and any necessary repairs to the pressure containing 
weld shall be completed before any reinforcing pad or 
saddle is added. 

341.3.2 Acceptance Criteria. Acceptance criteria 
shall be as stated in the engineering design and shall at 
least meet the applicable requirements stated below, in 
para. 344.6.2 for ultrasonic examination of welds, and 
elsewhere in the Code. 

(a) Table 341.3.2 states acceptance criteria (limits on 
imperfections) for welds. See Fig. 341.3.2 for typical 
weld imperfections. 

(b) Acceptance criteria for castings are specified in 
para. 302.3.3. 

341.3.3 Defective Components and Workmanship. 
An examined item with one gr more defects (imperfec- 
tions of a type or magnitude exceeding the acceptance 
criteria of this Code) shall be repaired or replaced; and 
the new work shall be reexamined by the same meth- 
ods, to the same extent, and by the same acceptance 
criteria as required for the original work. 

341.3.4 Progressive Sampling for Examination. 
When required spot or random examination reveals a 
defect: 

(a) two additional samples of the same kind (if 
welded or bonded joints, by the same welder, bonder, 
or operator) shall be given the same type of examina- 
tion; and 

(b) if the items examined as required by (a) above are 
acceptable, the defective item shall be repaired or re- 
placed and reexamined as specified in para. 341.3.3, 
and all items represented by these two additional sam- 
ples shall be accepted; but 

(c) if any of the items examined as required by (a) 
above reveals a defect, two further samples of the same 
kind shall be examined for each defective item found by 
that sampling; and 

(d) if all thz items examined as required by (c) above 
are acceptable, the defective item@) shall be repaired or 
replaced and reexamined as specified in para. 341.3.3, 
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and all items represented by the additional sampling 
shall be accepted; but 

(e) if any of the items examined as required by (c) 
above reveals a defect, all items represented by the 
progressive sampling shall be either: 

( I )  repaired or' replaced and reexamined as re- 
quired; or 

(2) fully examined and repaired or replaced as nec- 
essary, and reexamined as necessary to meet the re- 
quirements of this Code. 

341.4 Extent of Required Examination 

341.4.1 Examination Normally Required. Piping in 
Normal Fluid Service shall be examined to the extent 
specified herein or to any greater extent specified in the 
engineering design. Acceptance criteria are as stated in 
para. 341.3.2 and in Table 341.3.2, for Normal Fluid 
Service unless otherwise specified. 

(a) KSUCZI Examination. At least the following shall 
be examined in accordance with para. 344.2: 

(1) sufficient materials and components, selected 
at random, to satisfy the examiner that they conform 
to specifications and are free from defects; 

(2) at least 5 %  of fabrication. For welds, each 
welder's and welding operator's work shall be repre- 
sented. 

(3) 100% of fabrication for longitudinal welds, ex- 
cept those in components made in accordance with a 
listed specification. See para. 341.5.1(a) for examina- 
tion of longitudinal welds required to have a joint fac- 
tor E, of 0.90. 

(4)random examination of the assembly of 
threaded, bolted, and other joints to satisfy the exam- 
iner that they conform to the applicable requirements 
of para. 335. When pneumatic testing is to be per- 
formed, all threaded, bolted, and other mechanical 
joints shall be examined. 

(5) random examination during erection of piping, 
including checking of alignment, supports, and cold 
spring; 

(6) examination of erected piping for evidence of 
defects that would require repair or replacement, and 
for other evident deviations from the intent of the de- 
sign. 

(b) Other Examination 
( I )  Not less than 5% of circumferential butt and 

miter groove welds shall be examined fully by random 
radiography in accordance with para. 344.5 or by ran- 
dom ultrasonic examination in accordance with para. 
344.6. The welds to be examined shall be selected to 
ensure that the work product of each welder or welding 
operator doing the production welding is included. 
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NFPA 59A 

Standard for 
the Production, 

Storage, and 
Handling of Liquefied 

Natural Gas (LNG) 

2001 Edition 

NFPA, 1 Batterymarch Park, PO Box 91 01, Quincy, MA 02269-91 01 
An International Codes and Standards Organization 

NFPA License Agreement 

This document is copyrighted by the National Fire Protection Association (NFPA), 1 Batterymarch Park, Quincy, MA 02269-9101 USA 
All rights reserved 

NFPA grants you a license as follows The right to download an electronic file of this NFPA document for temporary storage on one computer 
for purposes of viewing andlor printing one copy of the NFPA document for individual use Neither the electronic file nor the hard copy print 

may be reproduced in any way In addition, the electronic file may not be distributed elsewhere over computer networks or otherwise The 
hard copy pnnt may only be used personally or distributed to other employees for their internal use within your organization 



59A-22 PRODUCTION, STORAGE, AND HANDLING OF LIQUEFIED NATURAL GAS (LNG) 

6.4 Pipe Supports. 

6.4.1 Pipe supports, including any insulation systems used to 
support pipe whose stability is essential to plant safety, shall be 
resistant to or protected against fire exposure, escaping cold 
liquid, or both, if they are subject to such exposure. 

6.4.2 Pipe supports for cold lines shall be designed to prevent 
excessive heat transfer, which can result in piping restraints 
caused by ice formations or embrittlement of supporting steel. 
The design of supporting elementsshall conform to ASME B 31.3, 
BvcmPepng, Section 321. 

6.5* Piping Identification. Piping shall be identified by 
color-coding, painting, or labeling. Any existing company 
color code scheme for the identification of piping system 
shall be permitted to be used. 

6.6 Inspection and Testing of Piping. 
6.6.1 Pressure Testing. Pressure tests shall be conducted in 
accordance with ASME B 31.3, Process Piping, Section 345. To 
avoid possible brittle failure, carbon and low-alloy steel piping 
shall be pressure tested at metal temperatures suitably above 
their nil ductility transition temperature. 

6.6.2 Record Keeping. Records of pressure, test medium 
temperature, and ambient temperature shall be maintained 
for the duration of each test, and these records shall be main- 
tained for the life of the facility or until such time as a retest is 
conducted. 

6.6.3 Welded Pipe Tests. 
6.6.3.1 Longitudinal or spiral welded pipe that is subjected to 
service temperatures below -20°F (-29OC) shall have a design 
pressure of less than 2/3 of the mill proof test pressure or s u b  
sequent shop or field hydrostatic test pressure. 
Exception: Pipe that has been sdyected to 1 OOpercent radiographic or 
ultrasonic inspection of the longitudinal or spiral weld. 

6.6.3.2 All circumferential butt welds shall be examined fully 
by radiographic or ultrasonic inspection. 

Exception No. 1: Liquid drain and vapor vent piping with an operat- 
ingpressure that produces a hoop stress ofless than 20percent specijied 
minimum yield stress shall not be required to be nondatructively teskd 
it has been inspected visual4 in accordance with ASME B 31.3, Process 
Piping, Section 344.2. 
Exception No. 2: Pressure pzping operating above -2O’F (-29°C)’ 
shall have 30percent of each day’s circumferential4 welded pipe joints 
nondestructively tested over the entire circumference in accordance 
with ASME B 31.3. 

6.6.3.3 All socket welds and fillet welds shall be examined 
fully by liquid penetrant or magnetic particle inspection. 

6.6.3.4 All fully penetrated groove welds for branch connections 
(as required by ASME B 31.3, Rvcess Pifing, Section 328.5.4) 
shall be examined fully by in-process examination in accordance 
with ASME B 31.3, Section 344.7, as well as by liquid penetrant 
or magnetic particle techniques after the final pass of the weld. 
Exception: yspecifiid in the engineering design or specijically authu 
rized by the inspector, examination by radiographic w ultrasonic tech- 
niques shall be permitted to be substituted for the examinations 
required by 6.6.3.4. 

6.6.4 Inspection Criteria. Nondestructive examination meth- 
ods, limitations on defects, the qualifications of the authorized 
inspector, and the personnel performing the examination 

shall meet the requirements of ASME B 31.3, Process Piping, 
Sections 340 and 344. 
Exception: Substitution of in-process examination fur radiography or 
ultrasonics as permitted in ASME B 31.3, Paragraph 341.4.1, shall 
be prohibited 

6.6.5 Record Retention. Test records and written procedures 
required when conducting nondestructive examinations shall 
be maintained for the life of the piping system or until such 
time as a reexamination is conducted. 

Records and certifications pertaining to materials, compo- 
nents, and heat treatmentas required byASME B 31.3, p.oceSPip 
ing subparagraphs 341.4.l(c) and 341.4.3(d) and Section 346, 
shall be maintained for the life of the system. 

6.7 Purging of Piping Systems. 

6.7.1* Systems shall be purged of air or gas in a safe manner. 

6.7.2 Blow-down and purge connections shall be provided to 
facilitate purging of all process and flammable gas piping. 

6.8 Safety and Relief Valves. 
6.8.1 Pressure-relieving safety devices shall be arranged so 
that the possibility of damage to piping or appurtenances is 
reduced to a minimum. The means for adjusting relief valve 
set pressure shall be sealed. 

6.8.2 A thermal expansion relief valve shall be installed as 
required to prevent overpressure in any section of a liquid or 
cold vapor pipeline that can be isolated by valves. 

6.8.2.1 A thermal expansion relief valve shall be set to dis- 
charge at or below the design pressure of the line it protects. 

6.8.2.2 Discharge from such valves shall be directed to mini- 
mize hazard to personnel and other equipment. 

6.9 Corrosion Control. 

6.9.1* Underground and submerged piping shall be pro- 
tected and maintained in accordance with the principles of 
NACE RP 0169, Control of External Cmroszon of Underground w 
Submerged Metallic Piping Systems. 

6.9.2 Austenitic stainless steels and aluminum alloys shall be 
protected to minimize corrosion and pitting from corrosive 
atmospheric and industrial substances during storage, con- 
struction, fabrication, testing, and service. Tapes or other 
packaging materials that are corrosive to the pipe or piping 
components shall not be used. Where insulation materials can 
cause corrosion of aluminum or stainless steels, inhibitors or 
waterproof barriers shall be utilized. 

Chapter 7 Instrumentation and Electrical Services 

7.1 Liquid Level Gauging. 

7.1.1 W G  Containers. 
7.1.1.1 LNG containers shall be equipped with two indepen- 
dent liquid level gauging devices. Density variations shall be 
considered in the selection of the gauging devices. These 
gauges shall be designed and installed so that it is possible to 
replace them without taking the tank out of operation. 

7.1.1.2 The container shall be provided with two high-liquid- 
level alarms, which shall be permitted to be part of the liquid 
level gauging devices. They shall be independent of each 
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Interpretations for each individual Section will be published separatel? and will be included 1 s  part of 
the update service io that Section. They will be issued semiannually (July and December) up to the 
publication of the 1998 Code. Interpretations of Section I l l ,  Divisions 1 and 2, will be included with the 
update s e n i c e  to Subsection NCA. Interpretations are not pan of the Code or the Addenda. 

CODE CASES 

The Boilc; and Pressure C'essel Cummittee meets :ep lar ly  to consider proposed additions and revisions 
to the Code and to formulate Cases to clarify the intent of existing requirements or provide. u hen the 
need i s  urgent. rules for materiltls or constructions not cotered by existing Code rules. Those Cases which 
h a k t  heen adopted u i l l  appear i n  the appropriate 1995 Code Cases book: ( 1 ) Boilers and Pressure Vessels 
and ( 2 )  Nuclear Components. Supplements will be sent automatically to the purchasers or the Code Cases 
hooks up  to the publication of the 199s Code. 
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PART QW WELDING 

ARTICLE I 
WELDING GENERAL REQUIREMENTS 

QW-lo0 GENERAL 
Section IX of the ASME Boiler and Pressure Vessel 

Code relates to the qualification of welders, welding 
operators. brazers, and brazing operarors, and the proce- 
dures that they employ in welding and brazing according 
to the ASME Boiler and Pressure Vessel Code and 
the ASME B31 Code for Pressure Piping. It is divided 
into two parts: Part QW gives requirements for welding 
and Part QB contains requirements for brazing. 

QW-100.1 The.purpose of the Welding Procedure 
Specification (WPS) md Procedure Qualification Record 
?OR) is to demn&ne that the weldment proposed 

for cohstmction is capable of providing the required. 
properties for its intended application. It is presupposed 
that the welder or welding operator performing the 
welding procedure qualification test is a skilled work- 
man. That is. the welding procedure qualification test 
establishes the properties of the weldment, not the skill 
of the welder or welding operator. In addition to this 
general requirement. special considerations for notch 
toughness are required by other Sections of the Code. 
Briefly. a WPS lists the variables, both essential and 
nonessential, and the acceptable ranges of these variables 
when using the WPS. The WPS is intended to provide 
direction for the welderlwelding operator. The PQR 
lists what was used in qualifying the WPS and the 
test results. 

QW-100.2 In performance qualification, the basic 
criterion established for welder qualification is to deter- 
mine the welder's ability to deposit sound weld metal. 
The purpose of the performance qualification test for the 
welding operatar is to determine the welding operator's 
mechanical ability to operate the welding equipment. 

QW-100.3 Welding Procedure Specifications (WPS) 
written and qualified in accordance with the rules of 
this Section. and welders and welding operators of 
automatic and machine welding equipment also qualified 
in accordance with these rules may be used in any 
construction built to the requirements of the ASXIE 
Boiler and Pressure Vessel Code or the ASME B31 
Code for Pressure Piping. , 

However, other Sections of the Code stat; the condi- 
tions under which Section IX requirements are manda- 
tory. in whole or in past. and give additional require- 
ments. The reader is advised to take these provisions 
into consideration when using this Section. 

Welding Procedure Specifications. Procedure Quali- 
fication Records. and Welder/Welding Operator Per- 
formance Qualification made in accordance with the 
requirements of the 1962 Edition or any later Edition 
of Section 1X may be used in any construction built 
to the ASME Boiler and Pressure Vessel Code or the 
ASME B31 Code for Pressure Piping. 

Welding Procedure Specifications, Procedure Quali- 
fication Records. and Welder I Welding Operator Per- 
formance Qualification made in accordance with the 
requirements of the Editions of Section I X  prior to 
1962, in which all of the requirements of the 1962 
Edition or later Editions are met. may also be used. 

Welding Procedure Specifications and WelderlWeld- 
ing Operator Performance Qualification records meeting 
the above requirements do not need to be amended to in- 
clude any variables required by later Editions and Ad- 
denda. 

Qualification of new Welding Procedure Specifica- 
tions or Welders/Welding Operaton and requalification 
of existing Welding Procedure Specifications or 
WelderslWelding Operators shall be in accordance with 
the current Edition (see Foreword) and Addenda of Sec- 
tion IX. . .  . - .  . . ... 
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I QW-101 1995 SECTION IX QW-123.1 

QW-101 S C O ~  I 
The rules in this Section apply to the preparation 

of Welding Procedure Specifications and the qualifica- 
tion of welding procedures. welders. and welding opera- 
tors for all types of manual and machine welding 
processes permitted in this Section. These rules may 
also be applied, insofar as they are applicable, to other 
manual or machine welding processes permitted in other 
Sections. 

QW-102 Terms and Definitions I 
Some of the more common terms relating to welding 

are defined in QW-492. These are in substantial 
agreement with the definitions of the American Welding 
Society given in its document, A3.0-80, Terms and 
Definitions. 

Wherever the word pipe is designated, tube shall 
also be applicable. 

QW-103 Responsibility 

QW-103.1 Welding. Each manufacturer' or contrac- 
tor' is responsible for the welding done by his organiza- 
tion and shall conduct the tests required in this Section 
to qualify the welding procedures he uses in the con- 
struction of the weldments built under this Code. and 
the performance of welders and welding operators who 
apply these procedures. 

QW-1032 Records. Each manufacturer or contractor 
shall maintain a record of the results obtained in welding 
procedure and welder and welding operator performance 
qualifications. These records shall be cenified by the 
manufacturer or contractor and shall be accessible to 
the Authorized Inspector. Refer to recommended Forms 
in Nonmandatory Appendix A. 

QW-110 WELD ORIENTATION 
The orientations of welds are illustrated in QW- 

461.1 or QW-461.2. 

QW-120 TEST POSITIONS FOR GROOVE 
WELDS 

Groove welds may be made in test coupons oriented 
in any of the positions in QW-461.3 or QW-461.4 and 
as described in the following paragraphs, except that 

'Wherever these words are ubed in Sectlon IX. they shall include 
installer or assembler. 
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an angular deviation of 215  deg. from the specified 
horizontal and vertical planes, and an angular deviation 
of 2 5  deg. from the specified inclined plane are permit- 
ted during welding. 

QW-I21 Plate Positions 

QW-121.1 Flat Position 1G. Plate in a horizontal 
plane with the weld metal deposited from above. Refer 
to QW-461.3(a). 

QW-121.2 Horizontal Position 2C. Plate in a vertical 
plane with the axis of the weld horizontal. Refer to 
QW461.3(b). 

QW-1213 Vertical Position 3G. Plate in a venical 
plane with the axis of the weld vertical. Refer to QW- 
46 1.3(c). 

QW-121.4 Overhead Position 4C. Plate in a hori- 
zontal plane with the weld metal deposited from under- 
neath. Refer to QW461.3(d). 

QW-122 pipe Positions 

QW-122.1 Flat Position 1C. Pipe with its axis 
horizontal and rolled during welding so that the weld 
metal is deposited from above. Refer to QW-461.4(a). 

QW-1222 Horizontal Position 2G. Pipe with IU 
axis vertical and the axis of the weld in a honzontal 
plane. Pipe shall not be rotated dunng welding. Refer 
to QW-461.4(b). 

QW-I223 Multiple Position 5G. Pipe with its axis 
horizontal and with the welding groove in a vertical 
plane. Welding shall be done without rotamg the pipe. 
Refer to QW-461.4(c). 

QW-1224 Multiple Position 6G. Pipe with its axis 
inclined at 45 deg. to horizontal. Welding shall be 
done without rotating the pipe. Refer to QW41.4(d).  

QW-I23 Test Positions for Stud Welds 

QW-123.1 Stud Welding. Stud welds may be made 
in test coupons oriented in any of the positions as 
described in QW-121 for plate and QW-122 for pipe 
(excluding QW-122.1). In all cases, the stud shall be 
perpendicular to the surface of the plate or pipe. See 
QW-461.7 and QW-461.8. 



QW-130 GENERAL REQUIREMENTS QW-I44 

QW-130 TEST POSITIONS FOR FILLET 
WELDS 

Fillet welds may be made in test coupons oriented 
in any of the positions of QW-461.5 or QW-461.6, 
and as described in the following paragraphs, except 
that an angular deviation of 2 15 deg. from the specified 
horizontal and vertical planes is permitted during 
welding. 

QW-131 Plate Positions 

QW-131.1 Flat Position 1F. Plates so placed that 
the weld is deposited with its axis horizontal and its 
throat vertical. Refer to QW-46 1 .%a). 

QW-131.2 Horizontal Position 2F. Plates so placed 
that the weld is deposited with its axis horizontal on 
the upper side of the horizontal surface and against 
the venical surface. Refer to QW461.5(b). 

QW-1313 Vertical Position 3F. Plates so placed 
that the weld is deposited with its axis vertical. Refer 
to QW-4613~) .  

QW-131.4 Overhead Position 4F. Plates so placed 
that the weld is deposited with its axis horizontal on 
the underside of the horizontal surface and against the 
vertical surface. Refer to QW-361.5(d). 

QW-132 Pipe Positions 

QW-132.1 Flat Position 1F. Pipe with its axis 
inclined at 35 deg. to horizontal and rotated during 
welding so that the weld metal is deposited from above 
and at the point of deposition the axis of the weld is 
horizontal and the throat vertical. Refer to QW-46 I .6(a). 

QW-132.2 Horizontal Positions 2F and ZFR 
( a )  Position 2F. Pipe with its axis vertical so that 

the weld is deposited on the upper side of the horizontal 
surface and .against the venical surface. The axis of 
the weld will be horizontal and the pipe is not to be 
rotated during welding. Refer to QW-461.6(b). 

(b) Position 2FR. Pipe with its axis horizontal and 
the axis of the deposited weld in the vertical plane. 
The pipe is rotated during welding. Refer to QW- 
46 1.6(c). 

QW-132.3 Overhead Position 4F. Pipe with its axis 
vertical so that the weld is deposited on the underside 
of the horizontal surface and against the vertical surface. 
The axis of the weld will be horizontal and the pipe 
is not to be rotated - _  during welding. Refer to QW- 
461 .bCd). 

QW-132.4 Multiple Position 5F. Pipe with its axis 
horizontal and the axis of the deposited weld in the 
vertical plane. The pipe is nor to be rotated during 
welding. Refer to QW-461.6(e). 

QW-140 

QW-141 Mechanical Tests 
Mechanical tests used in procedure or performance 

qualification are as follows. 

QW-141.1 Tension Tests. Tension tests as described 
in QW-I50 are used to determine the ultimate strength 
of groove-weld joints. 

QW-141.2 Guided-Bend Tests. Guided-bend tests 
as described in QW-I60 are used to determine the 
degree of soundness and ductility of groove-weld joints. 

QW-1413 Fillet-Weld Tests Tests as described in 

QW-180 are used to determine the size. contour. and 
degree of soundness of fillet welds. 

QW-141.4 Notch-Toughness Tests. Tests as de- 
scribed in QW-171 and QW-172 are used to determine 
the wtch- toughness of the weldment. 

TYPES AND PURPOSES OF TESTS 
AND EXAMINATIONS 

QW-1415 Stud-Weld Test. Deflection bend, ham- 
mering, torque, or tension tests as shown in QW466.4, 
QW-466.5, and QW-466.6, and a macro-examination 
performed in accordance with QW-202.5, respectively. 
are used IO determine acceptability of stud welds. 

QW-142 Special Examinations for Welders 

Radiographic examination may be substituted for 
mechanical testing of QW- 14 1 for groove-weld perform- 
ance qualification as permitted in QW-304 to prove 
the ability of welders to make sound welds. 

QW-143 Examination for Welding Operators 

An examination of a weld by radiography may be 
substituted for mechanical testing of QW-141 for groove 
weld performance qualification as permitted in QW’- 
305 to prove the ability of welding operators to make 
sound welds. 

QW-144 Visual Examination 

Visual examination as described in QW-190 is used 
to determine that the final weld surfaces meet specified 
quality conditions. . 
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QW-IS0 1995 SECIlON IX QW-153.1 

QW-150 TENSION TESTS 
QW-151 Specimens 

Tension test specimens shall conform to one of 
the types illustrated in QW462.1 and shall meet the 
requirements of QW-153. 

QW-151.1 Reduced Section - Plate. Reduced- 
section specimens conforming to the requirements given 
in QW-462.l(a) may be used for tension tests on all 
thicknesses of plate. 
(a) For thicknesses up to and including 1 in., a full 

thickness specimen shall be used for each required 
tension test. 

(b) For plate thickness greater than 1 in., full thick- 
ness specimens or multiple specimens may be used, 
provided QW-lSl.l(c) and QW-lSl.l(d) are complied 
with. 

(c) When multiple specimens are used, in lieu of 
full thickness specimens, each set shall represent a single 
tension test of the full plate thickness. Collectively, all 
of the specimens required to represent the full thickness 
of the weld at one location shall comprise a set. 

(dl When muluple specimens are necessary, the entire 
thickness shall be mechanically cut into a minimum 
number of approximately equal svips of a size that 
can be tested in the available equipment. Each specimen 
of the set shall be tested and meet the requirements 

QW-151.2 Reduced Section - Pipe. Reduced-sec- 
tion specimens conforming to the requirements given 
in QW-462.l(b) may be used for tension tests on all 
thicknesses of pipe having an outside diameter greater 
than 3 in. 
(a) For thicknesses up to and including 1 in. a full 

thickness specimen shall be used for each required 
tension test. 

(b) For pipe thicknesses greater than 1 in., full 
thickness specimens or multiple specimens may be 
used, provided QW- 15 1.2(c) and QW- 15 1.2(d) are com- 
plied with. 

(c) When multiple specimens are used, in lieu of 
full thickness specimens, each set shall represent a 
single tension test of the full pipe thickness. Collectively, 
all of the specimens required to represent the full 
thickness of the weld at one location shall comprise 
a set. 

(d) When multiple specimens are necessary, the entire 
thickness shall be mechanically cut into a minimum 
number of approximately equal suips of a size that 
can be tested in the available equipment. Each specimen 
of the set shall be tested and meet the requirements 

of QW-153. 

of QW-153. 
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For pipe having an outside diameter of 3 in. or less, 
reduced-section specimens conforming to the require- 
ments given in QW-462.l(c) may be used for tension 
tests. 

QW-1513 Turned Specimens. Turned specimens 
conforming to the requirements given in QW42. l (d )  
may be used for tension tests. 

(a) For thicknesses up to and including 1 in., a 
single turned specimen may be used for each required 
tension test, which shall be a specimen of the largest 
diameter D of QW-462.l(d) possible for test coupon 
thickness [per Note (a) of QW-462.l(d)). 

(b) For thicknesses over 1 in.. multiple specimens 
shall be cut h u g h  the full thickness of the weld with 
their centers parallel to the metal surface and not over 
1 in. apan. The centen of the Specimens adjacent to 
the metal surfaces shall not exceed s/, in. from the 
surface. 

(c) When multiple specimens are used, each set shall 
represent a single required tension test. Collectively, 
all the specimens required to represent the full thickness 
of the weld at one location shall comprise a set. 

(d) Each specimen of the Set shall be tested and 
meet the requirements of QW-153. 

QW-151.4 Full-Section Specimens for Pipe. Ten- 
sion specimens conforming to the dimensions given in 
QW-462.l(e) may be used for testing pipe with an 
outside diameter of 3 in. or less. 

QW-152 Tension Test procedure 

The tension test specimen shall be ruptured under 
tensile load. The tensile strength shall be computed by 
dividing the ultimate total load by the least cross- 
sectional area of the specimen as calculated from actual 
measurements made before the load is applied. 

QW-153 

QW-153.1 Tensile Strength. In order to pass the 
tension test, the.specimen shall have a tensile strength 
that is not less than: 

(a) the minimum specified tensile strength of the 
base metai; or 

(6) the minimum specified tensile strength of the 
weaker of the two, if base metals of different minimum 
tensile strengths are used; or 

(c) the minimum specified tensile strength of the 
weld metal when the applicable Section provides for 
the use of weld metal'having lower room temperature 
srrength than the base metal; 

Acceptance Criteria - Tension Tests 
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(d )  if the specimen breaks in the base metal outside 
of the weld or fusion line, the test shall be accepted 
as meeting the requirements. provided the strength is 
not more than 5% below the minimum specified tensile 
strength of the base metal. 

QW-160 GUIDED-BEND TESTS 

QW-161 Specimens 

Guided-bend test specimens shall be prepared by 
cutting the test plate or pipe to form specimens of 
approximately rectangular cross section. The cut sur- 
faces shall be designated the sides of the specimen. 
The other two surfaces shall be called the face and 
root surfaces, the face surface having the greater width 
of weld. The specimen thickness and bend radius are 
shown in QW-466.1, QW-466.2, and QW-466.3. 
Guided-bend specimens are of five types, depending 
on whether the axis of the weld is transverse or parallel 
to the longitudinal axis of the specimen, and which 
surface (side. face. or-root) is on the convex (outer) 
side of bent specimen. The five types are defined as 
follows. 

QW-161.1 Transverse Side Bend. The weld is 
transverse to the longitudinal axis of the specimen. 
which is bent so that one of the side surfaces becomes 
the convex surface of the bent specimen. Transverse 
side-bend test specimens shall conform to the dimen- 
sions shown in QW462.2. 

Specimens of base metal thickness over 1'/2 in. may 
be cut into approximately equal strips between 3/, in. 
and 1 %  in. wide for testing. or the specimens may be 
bent at full width (see requirements on jig width in 
QW-466). If multiple specimens are used, one complete 
set shdl be made for each required test. Each specimen 
shall be tested and meet the requirements in QW-163. 

QW-161.2 Transverse Face Bend. The weld is 
transverse to the longitudinal axis of the specimen, 
which is bent so that the face surface becomes the 
convex surface of the bent specimen. Transverse face- 
bend test specimens shall conform to the dimensions 
shown in QW-462.3(a). For subsize transverse face 
bends, see QW-161.4. 

QW-161.3 Transverse Root Bend. The weld is 
transverse to the longitudinal axis of the specimen, 
which is bent so that the root surface becomes the 
convex surface of the bent specimen. Transverse root- 
bend test specimens shall conform to the dimensions 
shown in QW-462.3(a). For .subsize transverse mot 
bends, see QW-161.4. 

QW-161.4 Subsize Transverse Face and Root 
Bends. See Note (2) of QW-462.3(a). 

QW-1615 Longitudinal-Bend Tests. Longitudinal- 
bend tests may be used in lieu of the transverse side-. 
face-, and root-bend tests for testing weld metal or 
base metal combinations which differ markedly in 
bending properties between 
(a) the two base metals; or 
(b)  the weld metal and the base metal. 

QW-161.6 Longitudinal Face Bend. The weld is 
parallel to the longitudinal axis of the specimen, which 
is bent so that the face surface becomes the convex 
surface of the bent specimen. Longitudinal face-bend 
test specimens shall conform to the dimensions shown 
in QW-462.3(b). 

QW-161.7 Longitudinal Root Bend. The weld is 
parallel to the longitudinal axis of the specimen,' which 
is bent so that the root surface becomes the convex 
side of the bent specimen. Longitudinal root-bend test 
specimens shall conform to the dimensions shown in 
QW-462.3(b). 

QW-162 Guided-Bend Test Procedure 
QW-162.1 Jigs. Guided-bend specimens shall be 

bent in test jigs that are in substantial accordance with 
QW-466. When using the jigs illustrated in QW-466.1 
or QW-466.2, the side of the specimen turned toward 
the gap of the jig shall be the face for face-bend 
specimens. the root for root-bend specimens, and the 
side with the greater defects, if any, for side-bend 
specimens. The specimen shall be forced into the die 
b! applying load on the plunger until the curvature of 
the specimen is such that a '/B in. diameter wire cannot 
be inserted between the specimen and the die of QW- 
466.1. or the specimen is bottom ejected if the roller 
type of jig (QW-466.2) is used. 

When using the wrap around jig (QW-466.3), the 
side of the specimen turned toward the roller shall be 
the face for face-bend specimens. the root for root- 
bend specimens. and the side with the greater defects, 
if any, for side-bend specimens. 

When specimens wider than lV2 in. are to be bent 
as permitted in QW-462.2, the test jig mandrel must 
be at least % in. wider than the specimen width. 

QW-163 Acceptance Criteria - Bend Tests 
The weld and heat affected zone of a transverse 

weld-bend specimen shall be completely wlthin the 
bent portion of the specimen after testing. 

5 
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The guided-bend specimens shall have no open de- 
fects in the weld or heat affected zone exceeding '/s 
in., measured in any direction on the convex surface 
of the specimen after bending. Open defects occurnng 
on the comers of the specimen during testing shall not 
be considered unless there is definite evidence that they 
result from lack of fusion, slag inclusions, or other 
internal defects. For corrosion-resistant weid overlay 
cladding. no open defect exceeding 1/16 in., measured 
in any direction, shall be permitted in the cladding, 
and no open defects exceeding '/s in. shall be permitted 
in the bond line. 

QW-170 NOTCH-TOUGHNESS TESTS 

QW-171 Notch-Toughness Tests - Charpy 
V-Notch 

QW-171.1 General. Charpy V-notch impact tests 
shall be made when required by other Sections. 

Test procedures and apparatus shall conform to the 
requirements of SA-370. 

QW-171.2 Acceptance. The acceptance criteria shall 
be in accordance with that Section specifying impact 
requirements. 

QW-1713 Location and Orientation of Test Speci- 
men. The impact test specimen and notch location and 
orientation shall be as given in the Section requiring 
such tests. 

When qualifying pipe in the 5G or 6G position, the 
notch-toughness specimens shall be removed from the 
shaded ponion of QW-463.1(0. 

QW-172 Notch-Toughness Tests - Drop 
Weight 

QW-172.1 General. Drop weight tests shall be made 
when required by other Sections. 

Test procedures and apparatus shall conform to the 
requirements of ASTM Specification E 208. 

QW-172.2 Acceptance. The acceptance criteria shall 
be in accordance with that Section requiring drop weight 
tests. 

QW-1723 Location and Orientation of Test Speci- 
men. The drop weight test specimen. the crack starter 
location, and the orientation shall be as given in the 
Section requiring such tests. 

When qualifying pipe in the 5G or 6G position. the 
notch-toughness specimens shall be removed from the 
shaded ponion of QW-463.1(f). 
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QW-180 FILLET-WELD TESTS 

QW-181 Procedure and Performance 
Qualification Specimens 

QW-181.1 Procedure. The dimensions and pnpara- 
tion of the fillet-weld test cou@n for procedure qualifi- 
cation as required in QW-202 shall conform to the 
requirements in QW-462.4(a) or QW-462.4(d). The test 
coupon for plate-to-plate shall be cut transversely to 
provide five test specimen sections, each approximately 
2 in. long. For pipe-to-plate or pipe-to-pipe, the test 
coupon shall be cut transversely to provide four approxi- 
mately equal test specimen sections. The test specimens 
shall be macro-examined to the requirements of QW- 
183. 

QW-181.1.1 Production Assembly Mockups. 
Production assembly mockups may be used in lieu of 
QW-181.1. The mockups for plate-to-shape shall be 
cut transversely to provide five approximately equal 
test specimens not to exceed approximately 2 in. In 
length. For pipe-to-shape mockups. the mockup shall 
be cut transversely to provide four approximately equal 
test specimens. For small mockups, multiple. mockups 
may be required to obtain the required number of test 
specimens. The test specimens shall be macro-examined 
to the requirements of QW-183. 

QW-181.2 Performance. The dimensions and the 
preparation of the fillet-weld test coupon for perfom- 
ance qualification shall conform to the requirements in 
QW-462.4(b) or QW463.4(c). The test coupon for 
plate-to-plate shall be cut transversely to provide a 
center section approximately 4 in. long and two end 
sections, each approximately 1 in. long. For pipe-to- 
plate or pipe-to-pipe. the test coupon shall be cut to 
provide two quarter sections test specimens opposite 
to each other. One of the test specimens shall be 
fracture tested in accordance with QW-182 and the 
other macro-examined to the requirements of QW-184. 
When qualifying pipe-to-plate or pipe-to-pipe in the 
5F position, the test specimens shall be removed as 
indicated in QW463.2(h). 

QW-181.2.1 Production Assembly Mockups. 
Production assembly mockups may be used in lieu of 
the fillet-weld test coupon requirements of QW- 18 1.2. 

(IJ The mockup for plate-to-shape shall be cut 
transversely to provide three approximately equal test 
specimens not to exceed approximately 2 in. in length. 
The test specimen that contains the start and stop of 
the weld shall be fracture tested in accordance with 
QW-182. A cut end of one of the remaining test 

(a) Plate-to-shape 

3-12 



QW- 18 1.21 GENERAL REQUIREMEMS QW- 191 2.2 

specimens shall be macro-examined in accordance with 
QW-184. 

(b )  Pipe-to-shape 
(I)  The mockup for pipe-to-shape shall be cut 

transversely to provide two quarter sections approxi- 
mately opposite to each other. The test specimen that 
contains the s t a ~  and stop of the weld shall be fracture 
tested in accordance with QW-182. A cut end of 
the other quarter section shall be macro-examined in 
accordance with QW- 184. When qualifying pipe-to- 
shape in the 5F position, the fracture specimen shall 
be =moved from the lower 90 deg section of the 
mockup. 

QW-182 Fracture Te& 
The stem of the 1 in. performance specimen center 

section in QW-462.4(b) or the stem of the quarter 
section in QW-462.4(c). as applicable, shall be loaded 
laterally in such a way that the root of the weld is in 
tension. The load shall be steadily increased until the 
specimen fractures or bends flat upon itself. 

If the specimen fractures. the fracfured surface shall 
show no evidence of cracks or incomplete root fusion. 
and the sum of the lengths of inclusions and porosity 
visible on the fractured surface shall not exceed ’/* in. 
in QW-462.4(b) or 10% of the quarter section in QW- 
462.l(c). 

QW-183 Macro-Examination - Procedure 
Specimens 

One face of each cross section of the five test 
specimens in QW-169,.4(a) or four test specimens in 
QW-462.4(d), as applicable shall be smoothed and 
etched with a suitable etchant (see QW-470) to give 
a clear definition to the weld metal and heat affected 
zone. The examination of the cross sections shall include 
only one side of the test specimen at the area where 
the plate or pipe is divided into sections Le., adjacent 
faces at the cut shall not be used. In order to pass 
the test: 

Visual examination of the cross sections of the weld 
metal and heat affected zone shall show complete fusion 
and freedom from cracks; and 

There shall not be more than Y8 in. difference in 
the length of the legs of the fillet. 

QW-184 Macro-Examination - Performance 
Specimens 

The cut end of one of the end plate sections, approxi- 
mately 1 in. long. in QW-462.4(b) or the cut end of 

one of the pipe quarter sections in QW-462.4(c). as 
applicable. shall be smoothed and etched with a suitable 
etchant (see QW-470) to give a clear definition of the 
weld metal and heat affected zone. In order to pass 
the test: 

Visual examination of the cross section of the weld 
metal and heat affected zone shall show complete fusion 
and freedom from cracks, except that linear indications 
at the root not exceeding in. shall be acceptable; 
and 

The weld shall not have a concavity or convexity 
greater than Y,6 in.; and 

There shall be not more than ‘/B in. difference in 
the lengths of the legs of the fillet. 

QW-lW VISUAL EXAMINATION- 
PERFORMANCE 

Performance test coupons shall show complete joint 
penetration with complete fusion of weld metal and 
base metal. 

QW-191 Radiographic Examination 

QW-191.1 The radiographic examination in QW-142 
for welders and in QW-143 for welding operators shall 
meet the requirements of Article 2, Section V.  The 
acceptance standards of QW-191.3 shall be met. 

QW-191.2 Radiographic Acceptance Criteria 

QW- 191.2.1 Terminologv 
Linear Indications. Cracks, incomplete fusion, inade- 

quate penetration, and slag are represented on the 
radiograph as linear indications in which the length is 
more than three times the width. 

Rounded Indications. Porosity and inclusions such 
as slag or tungsten are represented on the radiograph 
as rounded indications with a length three times the 
width or less. These indications may be circular. ellip- 
tical, or irregular in shape; may have tails; and may 
vary in density. 

QW-1912.2 Acceptance Standards. Welder and 
welding operator performance tests by radiography of 
welds in test assemblies shall be judged unacceptable 
when the radiograph exhibits any imperfections in 
excess of the limits specified below. 

( a )  Linear Indications 
( I )  any type of crack or zone of incomplete fusion 

(2) any elongated slag inclusion which has a length 
or penetration: 

greater thani 
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(a)  Y8 in. for t up to Y8 in., inclusive 
(b) Y3r for r over % to 2% in., inclusive 
(c )  Y, in. for t over 2% in. 

(3) any group of slag inclusions in line that have 
an aggregate length greater than t in a length of 
121. except when the distance between the successive 
imperfections exceeds 6L where L is the length of the 
longest imperfection in the group. 

(b)  Rounded Indicarions 
(I) The maximum permissible dimension for 

rounded indications shall be 20% oft  or Y8 in., whichever 
is smaller. 

(2) For welds in material less than ‘/a in. in thick- 
ness. the maximum number of acceptable rounded 
indications shall not exceed 12 in a 6 in. length 
of weld. A proportionately fewer number of rounded 
indications shall be permitted in welds less than 6 in. 
in length. 

(3) For welds in material ‘/a in. or greater in 
thickness, the charts in Appendix 1 represent the maxi- 
mum acceptable types of rounded indications illustrated 
in typically clustered. assoned. and randomly dispersed 
configurations. Rounded indications less than Y3: in. in 
maximum diameter shall not be considered in ‘the 
radiographic acceptance tests of welders and welding 
operaton in these ranges of material thicknesses. 

QW-191.23 Production Welds. The acceptance 
standard for welding operators who qualify on produc- 
tion welds shall be that specified in the referencing 
Code Section. The acceptance standard for welders who 
qualify on production welds as permitted .by QW-304.1 
shall be per QW-191.2.7. 

QW-1913 Record of Tests. The results of welder 
and welding operator perfonance tests by radiography 
shall be recorded in accordance with QW-301.4. 

QW-192 Stud-Weld Tests - Procedure 
Qualification Specimens 

QW-192.1 Required Tests. Ten stud-weld tests are 
required 10 qualify each procedure. The equipment used 
for stud welding shall be completely automatic except 
for manual staning. 

Every other welding stud (five joints) shall be tested 
either by hammering over until one-fourth of its length 
is flat on the test piece, or by bending the stud to an 
angle of at least 15 deg. and returning it to its original 
position using a test jig and an adapter location dimen- 
sion that are in accordance with QW-466.4. 

The remaining five welded stud joints shall be tested 
in torque using a toque testing arrangement that is 
substantially in accordance with QW466.5. Alterna- 
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tively. where torquing is not feasible, tensile testing 
may be used, gnd the fixture for tensile testing shall 
be similar to that shown in QW-466.6 except that studs 
without heads may be gripped on the unwelded end 
in the jaws of the tensile testing machine. 

QW-1923 Acceptance Criteria - Bend and Ham- 
mer Tests. In order to pass the test(s), each of the 
five stud welds and heat affected zones shall be free 
of visible separation or fracture after bending and return 
bending or after hammering. 

QW-192.3 Acceptance Criteria - Torque Tests. 
In order to pass the test@), each of the five stud welds 
shall be subjected to the required torque shown in the 
following table before failure OCCUTS. 

Required Toque for Testing 
m a d e d  Carbon Steel Studs 

Nominal Dramcter Thrcadslin. Testing Toque. 

I /4 28 UNF 5.0 
I14 20 UNC 4.2 

of Studs, in. and Series Designated ft-lb 

5/16 24 UNF 9.5 
5/16 18 UNC 8.6 

318 24 UNF 17 
318 16 UNC I5 
7/16 20 w 21 
7 / 1 6  I4 LWC 24 

I I 2  20 UNF 42 
1 I2  13 LWC 37 

9/16 18 UNF 60 
9/16 12 i.WC 54 

518 18 U M  84 
518 I I  bWC 74 

3 14 
3/4 

718 
1 I8 

16 UNF I47 
10 UNC I32 

14 UNF 231 
9 LWC 212 

12 UNF 348 
8 UNC 318 

Alternatively, where torquing to destruction is not 
feasible tensile testing may be used, in which case 
failure strength in pounds per square inch shall not be 
less than 35.000. The failure strength shall be based 
on the minor diameter of the threaded section of 
externally threaded studs except where the shank diame- 
ter is less than the minor diameter. or on the original 
cross-sectional area where failure occurs in a non- 
threaded, internally threaded, or reduced-diameter stud. 

QW-192.4 Acceptance Criteria - Macro-Exami- 
nation. In order to pass the macro-examination, each 
of five sectioned stud welds and the heat affected zone . 

I 
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shall be free of cracks when examined at a magnification 
of x10, which is required by QW-202.5 when studs 
are welded to metals other than P-No. 1. 

QW-193 Stud-Weld Tests - Performance 
Qualification Specimens 

QW-193.1 Required Tests. Five stud-weld tests are 
required to qualify each stud-welding operator. The 
equipment used for stud welding shall be completely 
automatic except for manual swung. The performance 
test shall be welded in accordance with a qualified 
WPS per QW-301.2. 

Each stud (five joints) shall be tested either by 
hammering over until one-fourth of its length is flat 
on the test piece or by bending the stud to an angle 
of at least 15 deg. and returning i t  to its original position 
using a test jig and an adapter location dimension that 
are in accordance with QW-466.4. 

QW-193.2 Acceptance Criteria - Bend and Ham- 
mer Tests. In order to pass the test(s), each of the 
five stud welds and heat affected zones shall be free 
of visible separation or fracture after bending and return 
bending or after hammering. 

QW-195 Liquid Penetrant Examination 

QW-195.1 The liquid penetrant examination in QW- 
214 for corrosion-resistant weld metal overlay shall 
meet the requirements of Article 6. Section V.  The 
acceptance standards of QW-195.2 shall be met. 

QW-195.2 Liquid Penetrant Acceptance Criteria 
QW-19S.2.1 Terminology 

( a )  refevanr indications - indications with major 
dimensions greater than y,6 in. 

(6) finear indicarions - an indication having a length 
greater than three times the width 

(c) rounded indications - an indication of circular 
or elliptical shape with the length equal to or less than 
three times the width 

QW-195.22 Acceptance Standards. Rocedure 
and performance tests examined by liquid penetrant 

techniques shall be judged unacceptable when the exam- 
ination exhibits any indication in excess of the limits 
specified below: 

(a) relevant linear indications; 
(b )  relevant rounded indications greater than y,6 in.; 
(c) four or more relevant rounded indications in a 

line separated by YI6 in. or less (edge-to-edge). 

QW-1% Resistance Weld Testing 
QW-1W.l Metallographic Examination 

QW-1W.l.l Welds shall be cross-sectioned, pol- 
ished, and etched to reveal the weld metal. The section 
shall be examined at a magnification of 10 times. 

QW-196.1.2 The weld nugget shall be sound for 
1.25 times the thickness of the thinner member. 

QW-196.13 For spot welds, the nugget site shall 
be measured at the interface between the sheets being 
joined, and it shall equal or exceed 0.9& where f is 
the thickness of the thinner sheet. For projection welds, 
the nugget size shall not be less than the initial size 
of the projection. For seam welds, the width of the 
fused weld cut transverse to the seam shall be not less 
than 0.9J I where r is the thickness of the thinnest 
sheet. 

QW-196.2 Mechanical Testing 
QW-196.2.1 Shear test specimens shall be prepared 

as shown on QW-462.9. For spot and projection welds, 
each test specimen shall equal or exceed the minimum 
strength, and the average strength specified in QW- 
462.10 and QW-462.11 for the appropriate material. 
Further, for each set, 9 0 8  shall have shear strength 
values between 0.9 and 1.1 times the set average value. 
The remaining 10% shall lie between 0.8 and 1.2 times 
the set average value. 

QW-196.2.2 Peel test specimens shall be prepared 
as shown in Fig. QW-462.8. The specimens shall be 
peeled or separated mechanically. and fracture shall 
occur in the base metal by tearing out of the weld in 
order for the specimen to be acceptable. 
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APPENDIX I 
ROUNDED INDICATION CHARTS 

(See QW-191.2) 

TYPICAL QUANTITY AND SIZE PERMITTED 
I N  6 IN. LENGTH OF WELD 
U8 IN. TO 1/4 IN. THICKNESS 

TYPICAL QUANTITY AND SIZE PERMITTED 
I N  6 IN. LENGTH OF WELD 

OVER 114 IN. TO 112 IN. THICKNESS 

I 

f 

. 4 . .  . . .  ' . 
. e .  . .  . .  * 

'.* . . .  :. a .  

TYPICAL QUANTITY AND SIZE PERMITTED 
I N  6 IN. LENGTH OF WELD 

OVER U2'IN. TO 1 IN. THICKNESS 

TYPICAL QUANTITY AND SIZE PERMITTED 
I N  6 IN. LENGTH OF WELD 

OVER 1 IN. THICKNESS 

10 
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ARTICLE 11 
WELDING PROCEDURE QUALIFICATIONS 

QW-200 GENERAL 
QW-200.1 Each manufacturer and contractor shall 

prepare written Welding Procedure Specifications which 
are defined as follows. 

(a)  Welding Procedure Specification (WPS) A WPS 
is a written qualified welding proceaure p p a r e d  to 
provide direction for making production wdds to Code 
requirements. The WPS or other documents [see (e) 
below] may be used to provide direction to the welder 
or welding operator to assure compliance with the Code 
requirements. 

(b) Contents of the WPS. The completed WPS shall 
describe all of the essential, nonessential, and, when 
required, supplementary essential variables for each 
welding process used in the WPS. These vanables are 
listed in QW-250 through QW-280 and are defined in 
Article IV, Welding Data. 

The WPS shall reference the supporting Procedure 
Qualification Record(s) (PQR) described in QW-200.2. 
The manufacturer or contractor may include any other 
information in the WPS that may be helpful in malung 
a Code weldment. 

(c) Changes to the WPS. Changes may be made in 
the nonessential variables of a WPS to suit production 
requirements without requalification provided such 
changes are documented with respect to the essential, 
nonessential. and, when required, supplementary essen- 
tial variables for each process. This may be by amend- 
ment to the WPS or by use of a new WPS. 

Changes in essential or supplementary essential (when 
required) variables require requalification of the WPS 
(new or additional PQRs to support the change in 
essential or supplementary essential variables). 

(d)  F o m t  of the WPS. The information required to 
be in the WPS may be in any format, written or tabular, 
to fit the need\ ol’ cach manufacturer or contractor, as 
long as every e\’rcntial, nonessential. and, when required, 
supplementary cwmtial variables outlined in QW-250 
through QW-280 IS includcd or referenced. - 

Form QW-482 (see Nonmandatory Appendix B) has 
been provided as a guide for the WPS. This Form 
includes the required data for the SMAW, SAW, 
GMAW. and GTAW processes. It is only a guide and 
does not list all required data for other processes. It 
also lists some variables that do not apply to all 
processes (e.g., listing shielding gas which is not re- 
quired for SAW). The guide does not easily lend itself 
to multiple process procedure specification (e.g., GTAW 
root with SMAW fill). 

( e )  Availability of fhe WPS. A WPS used for Code 
production welding shall be available for reference and 
review by the Authorized Inspector (AI) at the fabrica- 
tion site. 

QW-200.2 Each manufacturer or contractor shall be 
required to prepare a procedure qualification record 
which is defined as follows. 

( a )  Procedure Qualificarion Record (PQR). A PQR 
is a record of the welding data used to weld a test 
coupon. The PQR is a record of variables recorded 
during the welding of the test coupons. It also contains 
the test results of the tested specimens. Recorded van- 
abies normally fall within a small range of the actual 
variables that will be used in production welding. 

( 6 )  Contents of the PQR. The completed PQR shall 
document all essential and, when required. supplemen- 
tary essential variables of QW-250 through QW-280 
for each welding process used during the welding of 
the test coupon. Nonessential or other variables used 
during the welding of the test coupon may be recorded 
at the manufacturer’s or contractor‘s option. All vari- 
ables. if recorded. shall be the actual variables (including 
ranges) used during the welding of the test coupon. If 
variables are not monitored during welding, they shall 
not be recorded. It is not intended that the full range 
or the extreme of a given range of variables to be 
used in production be used during qualification unless 
required due to a specific essential or. when required. 
sttpplernmtaq Issentid variable. - -  
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The PQR shall be certified accurate by the manufac- 
turer or contractor. The manufacturer or contractor 
may not subcontract the Certification function. This 
certification is intended to be the manufacturer's or 
contractor's verification that the information in the PQR 
is a true record of the variables that were used during 
the welding of the test coupon and that the resulting 
tensile, bend, or macro (as required) test results are in 
compliance with Section IX. 

When more than one welding process or filler metal 
is used to weld a test coupon, the approximate deposit 
weld metal thickness of each welding process and filler 
metal shall be recorded. 

(c) Changes ro rhe PQR. Changes to the FQR are 
not permitted except as described below. It is a record 
of what happened during a particular welding test. 
Editorial corrections or addenda to the PQR are permit- 
ted. An example of an editorial correction is an incorrect 
P-Number. F-Number. or A-Number that was assigned 
to a particular base metal or filler metal. An example 
of an addendum would be a change resulting from a 
Code change. For example. Section IX may assign a 
new F-Number to a filler metal or adopt a new filler 
metal under an established F-Number. This may permit 
depending on the particular construction Code require- 
ments, a manufacturer or contractor to use other filler 
metals that fall within that particular F-Number where, 
prior to the Code revision. the manufacturer or contrac- 
tor was limited to the panicular electrode classification 
that was used during qualification. Additional informa- 
tion can be incorporated into a PQR at a later date 
provided the information is substantiated as having 
been part of the original qualification condition by lab 
record or similar data. 

All changes to a PQR require recertification (including 
date) by the manufacturer or contractor. 

(d) F o m r  of the PQR. Form QW-483 (see Nonman- 
datory Appendix B) has been provided as a guide for 
the PQR. The information required to be in the PQR may 
be in any format to fit the needs of each manufacturer or 
contractor. as long as every essential and, when required. 
supplementary essential variable, required by QW-250 
through QW-280. is included. Also the type of tests. 
number of tests, and test results shall be listed in the 
PQR. 

The QW-483 guide does not easily lend itself to 
cover combinations of welding processes or more than 
one F-Number filler metal in one test coupon. Additional 
sketches or infomation may be attached or referenced 
to record the required variables. 

(e) Availabiby of rhe.PQR. ..PQRS. used to support 
WPSs shall be available, upon request, for review by 

. .  

the Authorized Inspector (AI). The PQR need not be 
available to the welder or welding operator. 

fl Multiple WPSs Wirh One PQR/Mulriple PQRs 
With One WPS. Several WPSs may be prepared from 
the data on a single PQR (e&, a IG plate PQR may 
support WPSs for the F, V, H. and 0 positions on 
plate or pipe within all other essential variables). A 
single WPS may cover several essential variable changes 
as long as a supporting PQR exists for each essential 
and. when required, supplementary essential variable 
(e.g., a single WPS may cover a thickness range from 
1/16 in. through I!: in. if PQRs exist for both the 1/16 

in. through )/16 and 3/16 in. through 1 %  in. thickness 
ranges). 

QW-200.3 To reduce the number of welding proce- 
dure qualifications required. P-Numbers are assigned 
to base metals dependent on characteristics such as 
composition, weldability, and mechanical propenies. 
where this can logically be done; and for steel and 
steel alloys (QW-422.1 through QW-422.11) Group 
Numbers are assigned additionally to P-Numbers. These 
Group Numbers classify the metals within P-Numbers 
for the purpose of procedure qualification where notch- 
toughness requirements are specified. The assignments 
do not imply that base metals may be indiscriminately 
substituted for a base metal which was used in the 
qualification test without consideration of the compati- 
bility from the standpoint of metallurgical properties, 
postweld heat treatment, design, mechanical propenies. 
and service requirements. Where notch toughness is a 
consideration, it is presupposed that the base metals 
meet the specific requirements. 

In general, notch-toughness requirements are manda- 
tory for all P-No. 1 1  quenched and tempered metals. 
for low temperature applications of other metals as 
applied to Section VIII. and for various classes of 
construction required by Section 111. Acceptance criteria 
for the notch-toughness tests are as established in the 
other Sections of the Code. 
For certain materials permitted by the ASME I ANSI 

B31 Code for Pressure Piping or by selected Code 
Cases of the ASME Boiler and Pressure Vessel Code 
but which are not included within the ASME Boiler 
and Pressure Vessel Code Material Specifications (Sec- 
tion II), S-Number groupings are assigned in QWIQB- 
422. These groupings are similar to the P-hiumber 
groupings of QW-122. Quaiification limits are given 
in QW-420.2. 

QW-200.4 Combination of Welding Procedures 
(a) More than one procedure having different essen- 

- tial or non_es_sential. !cables. may.be used in a single 
production joint. Each procedure may include one or 
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a combination of processes. filler metals, or other 
variables. 

Where two or more procedures involving different 
processes or other essential variables are used in one 
joint, QW-451 shall be used to determine the range 
of base metal thickness qualified and the maximum 
thickness of deposited weld metal qualified for each 
process or procedure. Alternatively, qualification for 
root deposits only may be made in accordance with 
QW-200.4(b). The deposited weld metal of each process 
or procedure shall be included in the tension and bend 
specimens, and in the notch-toughness specimen (when 
required). One or more processes or procedures may 
be deleted from a qualified combination procedure. 
Each such process or procedure may be used separately 
provided: 

(I) the remaining essential, nonessential, and sup- 
plementary essential variables are applied; 

(2) the base metal and deposited weld metal thick- 
ness limits of QW-451 are applied. 
(6) For GTAW, SMAW. GMAW, PAW, and SAW. 

or combinations of these processes. a PQR for a process 
recording a test coupon that was at least in. thick 
may be combined with one or more other PQRs rec- 
ording another welding process and any greater base 
metal thickness. In this case, the process recorded on 
the first PQR may be used to deposit the root layers 
using the process(es) recorded on that PQR up to 2t 
(for short-circuiting type of GMAW. see QW-404.37,) 
in thickness on base metal of the maximum thickness 
qualified by the other PQR(s) used to support the WPS. 
The requirements of Note ( 1 )  of QW-451.1 and QW- 
451.2 shall apply. 

QW-201 Manufacturer’s or Contractor’s 
Responsibility 

Each manufacturer or contractor shall list the parame- 
ters applicable to welding that he performs in construc- 
tion of weldments built in accordance with this Code. 
These parameters shall be listed in a document known 
as a Welding Procedure Specification (WPS). 

Each manufacturer or contractor shall qualify the 
WPS by the welding of test coupons and the testing 
of specimens (as required in this Code), and the rec- 
ording of the welding data and test results in a document 
known as a Procedure Qualification Record (PQR). The 
welders or welding operators used to produce weldments 
to be tested for qualification of procedures shall be under 
the full supervision and control of the manufacturer or 
contractor during the production of these test weldments. 
I t  is not permissible for the manufacturer or contractor 
to have the welding o f t h e  test weldments perform-ed 
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by another organization. It is permissible. however, to 
subcontract any or all of the work of prepqtion of test 
metal For welding and subsequent work on preparation of 
test specimens from the completed weldment, perform- 
ance of nondestxuctive examination. and mechanical 
tests, provided the manufacturer or contractor accepts 
the responsibility for any such work. 

The Code recognizes a manufacturer or contractor 
as the organization which has responsible operational 
control of the production of the weldments to be made 
in accordance with this Code. If in an organization 
effective operational control of welding procedure quali- 
fication for two or more companies of different names 
exists, the companies involved shall describe in their 
Quality Control system/Quality Assurance Program. the 
operational control of procedure qualifications. In this 
case separate welding procedure qualifications are not 
required, provided all other requirements of Section IX  
are met. 

A WPS may require the support of more than one 
PQR. while alternatively. one PQR may support a 
number of WPSs. 

The manufacturer or contractor shall certify that he 
has qualified each Welding Procedure Spcificatjon. 
performed the procedure qualification test, and docu- 
mented it with the necessary Procedure Qualification 
Record (PQR). 

QW-202 Type of Tests Required 

QW-202.1 Mechanical Tests The type and number 
of test specimens which shall be tested to qualify a 
groove weld procedure are given in QW-451. and shall 
be removed in a manner similar to that shown in  QW- 
463. If any test specimen required by QW-151 fails 
to meet the applicable acceptance criteria. the test 
coupon shall be considered as failed, and a new test 
coupon shall be welded. Where qualification is for fillet 
welds only, the requirements are given in QW-202.2(c) 
and (d); and where qualification is for stud welds only. 
the requirements are given in QW-202.5. 

QW-202.2 Groove and Fillet Welds 
(a)  Quahjican’on for Groove Full Penetration Welds. 

Groove-weld test coupons shall qualify the thickness 
ranges of both base metal and deposited weld metal 
to be used in production. Limits of qualification shall 
be in accordance with QW-451. WPS qualification for 
groove welds shall be made on groove welds using 
tension and guided-bend specimens. Notch-toushness 
tests shall be made when required by other Section(s) 
of -the mde .  The W S  shaH be qualified for use with 
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groove welds within the range of essential variables 
listed. 

(b) Qualification for Partial Penerration Groove 
Welds. Partial penetration gfoove welds shall be quali- 
fied in accordance with the requirements of QW-451 
for both base metal and deposited weld metal thickness. 
Alternatively, partial penetration groove welds qualified 
using 1 %  in. thick or thicker base metal qualify the 
weld metal deposit in accordance with QW-451. with 
no upper limit on the base metal thickness. 

( c )  Qualification for Fillet Welds (Ercept for P-No. 
I !  Metals Erciuding P-No. I1A Group Nos. 1 ana' 2). 
WPS qualification for fillet welds may be made on 
groove-weld test coupons using test specimens specified 
in (a) or (b) above. Fillet-weld procedures so qualified 
may be used for welding all thicknesses of base metal 
for all sizes of fillet welds. and all diameters of pipe 
or tube in accordance with QW-451.4. Nonpressure- 
retaining fillet welds, as defined in other Sections of 
the Code, may as an alternate be qualified with fillet 
welds only. Tests shall be made in accordance with 
QW-180. Limits of qualification shall be in accordance 
with QW-451.3. 

( d )  Qualification for Fillet Welds in P-No. 1 I Metals 
(Excluding P-No. 11A Group %os. 1 ana' 2). WPS 
qualification for all fillet weids (including nonpressure- 
retaining) shall be made on: 

( I )  groove-weld tests in accordance with (a) or 
(b) aboke; and 

(2) fillet-weld tests in accordance with QW-180. 

QW-2023 Weld Repair and Buildup. WPS qual- 
ified on groove welds shall be applicable for weld 
repairs to groove and fillet welds and for weld buildup 
under the following provisions. 

(a)  There is no limitation on the thickness of base 
metal or deposited weld metal for fillet welds. 

(b)  For other than fillet welds, the upper limit for 
base metal and deposited weld metal for each welding 
process shall be in accordance with QW-451, except 
qualification on 1% in. thick base metal will permit 
welding on unlimited base metal thickness. 

QW-202.4 Dissimilar Base Metal Thicknesses. 
WPS qualified on groove welds shall be applicable 
for production welds between dissimilar base metal 
thicknesses provided: 

(a )  the thickness of the thinner member shall be 
within the range permitted by QW-451; 

(b) the thickness of the thicker member shall be as 
follows. 

(I)  For P-NO. 8, P-No. 41. P-NO. 42. P-No. 43, 
P-NO. 44.- P:No. 45,_P-NO. 46, P-NO. 51, P-NO. '52. 
P-No. 53, P-No. 61. and P-No. 62 metal in which 
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notch toughness is not a requirement, there shall be 
no limitation on the maximum thickness of the thicker 
production member in joints of similar P-Number mate- 
rials provided qualification was made on base metal 
having a thickness of Y4 in. or greater. 

(2) For all other metal, the thickness of the thicker 
member shall be within the range permined by QW- 
45 1. except there need be no limitation on the maximum 
thickness of the thicker production member provided 
qualification was made on base metal having a thickness 
of 1 %  in. or more. 
More than one PQR may be required to qualify for 

some dissimilar thickness combinations. 

QW-2025 Stud Welding. Procedure qualification 
tests for stud welds shall be made in accordance with 
QW- 192. The procedure qualification tests shall qualify 
the welding procedures for use within the range of the 
essential variables of QW-261. For studs welded to 
other than P-No. 1 metals, five additional welds shall 
be made and subjected to a macro-test. except that this 
is not required for studs used for extended heating 
surfaces. 

QW-203 Limits of Qualified Positions for 
Procedures 

Unless specifically required otherwise by the welding 
variables (QW-250). a qualification in any position 
qualifies the procedure for all positions. The welding 
process must be compatible; and the welding rods, 
electrodes. and filler metals such as defined in the 
specifications of Section 11, Pan C must be suitable 
for their use in specific positions. A welder or welding 
operator making and passing the WPS qualification test 
is thereby qualified for the position tested. See QW- 
301.2. 

QW-210 PREPARATION OF TEST COUPON 

QW-211 Base Metal and Filler Metal 

The base metals and filler metals shall be one or 
more of those listed in the WPS. The dimensions of 
the test assembly shall be sufficient to provide the 
required test specimens. 

The base metals may consist of either plate, pipe. 
or other-_product _€&rms. Qualification in plate also 
qualifies for pipe welding and vice versa. 
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QW-212 PROCEDURE QUALIFICATIONS 

QW-212 Type and Dimensions of Groove 
Welds 

The test coupon shall be welded using a type of 
welding groove proposed in the WPS for use in consvuc- 
tion. Except as otherwise provided in QW-250. the 
type and dimensions of the welding groove are not 
essential variables. 

QW-213 P-No. 11 Base Metals 

For vessels or parts of vessels constructed with P- 
No. 1 1  base metals, weld grooves for thickness less 
than % in. shall be prepared by thermal processes, 
when such processes are to be employed during fabrica- 
tion. This groove preparation shall also include back 
gouging, back grooving, or removal of unsound weld 
metal by thermal processes. when these processes are 
to be employed during fabrication. 

QW-214 Corrosion-Resistant Weld Metal 
Overlay . 

QW-214.1 The size of test coupons. limits of qualifi- 
cation, required examinations and tests, and test speci- 
mens shall be as specified in QW-453. 

QW-214.2 Essential variables shall be as specified 
in QW-250 for the applicable welding process. 

QW-215 Electron Beam Welding and Laser 
Beam Welding 

QW-215.1 The WPS qualification test coupon shall 
be prepared with the joint geometry duplicating that 
to be used in production. If the production weld is to 
include a lap-over (completing the weld by rewelding 
over the starting area of the weld, as for a girth weld), 
such lapover shall be included in the WPS qualification 
test coupon. 

QW-215.2 The mechanical testing requirements of 
QW-451 shall apply. 

QW-2153 Essential variables shall be as specified 
in QW-260 and QW-264 for the applicable welding 
process. 

QW-216 Hard-Facing Weld Metal Overlay 

Oxyfuel Gas Welding ( O W )  and Plasma-Arc Weld- 
ing (PAW) both refer to a Spray Fuse Method of hard 
surfaung. The following requjrements apply regardlc\\ 
of which hard-surfacing process is used. 

QW-217 

QW-216.1 The size of test coupons, limits of qualifi- 
cation, required examinations and tests, and test speci- 
mens shall be as specified in QW-453. 

QW-216.2 Essential variables shall be as specified 
in QW-250 for the applicable welding process. 

QW-2163 Oxyfuel Gas Welding ( O W )  and Plasma- 
Arc Welding (PAW) both refer to a Spray Fuse method 
of hard surfacing. The test coupons for these methods 
shall be prepared in accordance with QW-216.1 and 
QW-216.2. 

QW-217 Joining of Composite (Clad Metals) 

The WPS for groove welds in clad metal shall be 
qualified as provided in (a) below when any part of 
the cladding thickness. as permitted by the referencing 
Code Section, is included in the design calculations, 
and as provided in either (a) or (b) below when 
the cladding thickness is not included in the design 
calculations. 

(a)  The essential and nonessential variables of QW- 
250 shall apply for each welding process used in 
production. The procedure qualification test coupon 
shall be made using the same P-Number base metal. 
cladding, and welding process, and filler metal combina- 
tion to be used in production welding. For metal not 
included in QW-322. the metal used in the composite 
test plate shall be within the range of chemical composi- 
tion of that to be used in production. The qualified 
thickness range for the base metal and filler metal(s) 
shall be based on the actual test coupon thickness for 
each as applied to QW-351. except that the minimum 
thickness of filler metal joining the cladding portion 
of the weldment shall be based on a chemical analysis 
performed in accordance with QW-453. Tensile and 
bend tests required in QW-451 for groove welds shall 
be made. and they shall contain the full thickness of 
cladding through the reduced section of the specimen. 
The bond line between the original cladding and the 
base metal may be disregarded when evaluating side- 
bend tests if the cladding was applied by a process 
other than fusioo welding. 

(b)  The essential and nonessential variables of QW- 
350 shall apply for each welding process used in 
production for joining the base metal portion of the 
weldment. The PQRs that support this portion of the 
WPS need not be based on test coupons made wich 
dad metal. The essential and nonessential variables of 
QW-250 shall apply for the corrosion-resistant overlay 
portion of the weld. and the test coupon and testing 
sha1l.k in accordance with QW-153. The WPS shall 
Itkit the depth of the iroove, which will. ceceive:the 
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corrosion-resistant overlay in order to ensure develop 
ment of the full strength of the underlying weld in the 
base metal. 

QW-218 Applied Linings 

Each welding process to be used in attaching applied 
linings to base metal shall be qualified on a lining- 
attachment weld made in the form and arrangement 
used in the construction. and with materials that are 
within the range of chemical composition of the met:' 
to be used for the base plate, the linings, and the weid 
metal. The other welding variables of QW-250 shall 
also apply. In addition, a qualification test shall be 
performed for each position that will be used in produc- 
tion. One specimen from each position to be qualified 
shall be sectioned, polished, and etched to show clearly 
the demarcation between the fusion zone and the base 
metal. To be acceptable, the specimen shall show 
complete fusion in the fusion zone and complete free- 
dom from cracks in the fusion and heat affected zones 
under visual examination without magnification. 

QW-250 WELDING VARIABLES 

QW-251 General 

QW-251.1 Types of Variables for Welding Proce- 
dure Specifications (WPS). These variables (listed for 

each welding process in QW-252 through QW-265) 
are subdivided into essential vanables. supplementary 
essential variables. and nonessential vanables (QW- 
401). 

QW-2512 Essential Variables. Essential vanables 
are those in which a change, as described in the 
specific variables, is considered to affect the mechanical 
properties of the weldment, and shall require requalifi- 
cation of the WPS. 

Supplementary essential variables are required for 
metals for which other Sections specify notch-toughness 
tests. 

QW-2513 Nonessential Variables. Nonessential 
variables are those in which a change, as described in 
the specific variables. may be made in the WPS without 
requalification. 

QW-251.4 SpeCrd Processes 
(a) The special process essential variables for corro- 

sion-resistant and hard-surfacing weld metal overlays 
are as indicated in the following tables for the specified 
process. Only the variables specified for special pro- 
cesses shall apply. A change in the corrosion-resistant 
or hard-surfacing welding process shall require requali- 
fication. 

(b) WPS qualified for corrosion-resistant and hard- 
surfacing overlay welding, in accordance with other 
Sections when such qualification rules were included 
in those Sections, may be used with the same provisions 
as provided in QW-100.3. 
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QW-252 PROCEDURE QUALIFICATIONS 

QW-252 
WELDING VARIABLES PROCEDURE SPECIF1CAT;ONS (WPS) 

Oxyfuel Gas Welding (OFW) 

tial tial Paragraph Brief of Variables 

.1 b Groove design X 

.2 2 Backing X 

Joints .3 & Backing comp. X 

.lo & Root spacing X 

.1 4 P-Number X 

Base .2 Max. T qualified X 

QW-402 

QW-403 

I I 

. I 3  b P-NO. 5/9/10 X Metals 

I 

.I Stringlweavt X 

.2 & Flame characteristics X 
PW-410 

I , 1 

4 1 b c Tcchniouc I I x  Technique 

.5 & Method cleaning I x  

.26 z Peening X 

Legend: - Additlon > increase/greater than f Uphill - Forehand & Change 
- Deletion < Decrcase/less than I Downhill - Backhand 

.- , - .  . . .  . 
. 
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QW-252.1 

Paragraph 

16 

I? 

20 

Base , .23 
Metals I 

I 12 

QW-402 
,oints 

Q W - 4 i  3 

I 

QW-404 
F iier 1 4 2  

I 

I 46 
V e m s  

1995 SECTION [X 

Special Process Essential Variables 

Hardfacing 
Overlay Overlay Spray Fuse 

Hardfacing Corrosion-Resistant 

(QW-216) (QW-214) (QW-216) 

< Finished t 

> Finished t 

& P.Nurnber d P-Number 

b T Qualified 6 T Qualified I$ T Qualified 

d A W S  class d A W S  class 

6 > 5 %  Particle size r m g e  

6 Powder Feed rate 

18 

4 I - 3 w t i o n  I QW-405 
?OSltlOPS 

QW-JGO 1 > lnterpass 
Drehea! 

I 5 1  

pw.4c; 
? W H -  1 7 1  

4 1 Dec > 100" Preheat 

I 

I 

6 1 d PWHT 

i 
1 14 d Torch type tip size CW 406 

2 as ' 16 

I :9 

I 38 1 6 Multi-to single l a w  

1 39 I 6 Torch type, tip size 

I 44 

4 5  

46 

7 1 d Type 3' fuel gas 
I 

i 

2&-41C 
FecPnipue 

I 47 I 
Legend 
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+ Position 

Dec >. 100' Preheat 
> lnterpass 

d Preheat Taint 

b PWHT 

d PWHT after fusing 

6 > 5'0 Powder feed rate 

d Plasmafeed gas comp 

b Multi-to s qple bye- 

b > lSoA to-:? :a wowkc e c t  

b Surface prep 

b Spray torch 

b > 10% Fusing temp 
or method 



PROCEDURE QUALIFICATIONS 

.10 

.11 

.5 

.6 

.7 nw-am 

QW-253 
WELDING VARIABLES PROCEDURE SPECiFICATlONS (WPS) 

Shielded Metal-Arc (SMAW) 

Parnlnph Bnef of Vambks 

6 Root Spacmg I X  

2 Retamers X 

4 Group Numbu X 

f Limits impact X 

T / t  Limits > 8 in. X 

' X  

QW402 .4 - B.ctt9 X 
Joints I 

- - -  -- 
Base .8 4 T Qualified X 

Metals .V t Pass > Ya in. 

.3 0 I I Vertical wcldinq X 

.1 Decrease > LOO'F X 

I 

X 

.3 0 I I Vertical wcldinq X 

.1 Decrease > LOO'F X 

I 
QW-406 
Preheat 

X .z Preheat mint .  

Characteristics 

2 5  I 4, Manual or automatic 1 
.2b : Peening X 

L m :  
+ Addition > lncnuc/greater than 1 Uphill - Forehand 4 Chanpc - Deletion < Dccnaselless than I Downhill - Backhand 

19 

QW-253 
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Paragraph 

.I6 QW-402 
Joints 

QW-403 .20 

1995 SECTION IX 

Special Process Essential Variables 

Hardfacing Corrosion-Resistant 
Overlay Overlay 

(QW-216) (QW-214) 

< finished t e finished t 

h P-Number 6 P-Number 

QW-253.1 
WELDING VARIABLES PROCEDURE SPECIFICATIONS 

(WPS) 
Shielded Metal-Arc (SMAW) 

Base 
Metals I .23 Q 7 Qualified 

\ .12 Q AWS class. 
1 

6 T Qualified 

Q A-Number 

Q Dia (1st :dyer) 

CW-404 
Filler 
Meta!s 

4 + Posltlon QW-405 + Position 

> Interpass 

Dec. > IOO'F 
preheat 

> lnteroass 

20 

I 
I 

QW-407 P W H T  I .6 ' 
PWHT 

4 6 Current or 
QW-409 ' polarity 
Eiectrical 
tharacteristics 22  lnc > 10°'o 1st 

layer 

QW-410 38 6 M u l t i -  t o  

Technigue single-layer 
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d~ PWHT 

I$ Current or 
po I arity 

Inc > 10% 1st 
layer 

a5 Mul t i -  to 
single-layer 



QW-2% 
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS) 

Gas Tungsten-Arc Welding (GTAW) 

hrasnph Brief of Variabks 

.I Q Gmovc design 

QW-402 .5 + Backing 

Esxn- 
tirl 

[Ti& ~ 

Group Number 

T Limits 

T l t  Limits > 8 in. Q W 4 0 3  
Blsc 
Metals + T Qualified 

.33 

.I 

Q W 4 W  
Filler 
McMs 

6 AWS class. 

+ Position 

I 

.5 4 A-Number X 

. I 2  6 AWS class. 

: -x- 7 

F[ Fiicr I 
2 Comum. insert 

I$ Solid or metal-cored to 
flux-cored 

.30 4 t 

.2 4 Position 

I .3 1 4 TI Vertical wdding I 
&crease > 1OO'F 

QW-406 

lncrcax > 30QF (1P) 

& PWHT 

I x  
l x  

QW-256 

21 
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QW-256 

SUP* 
mtav 

ESSM- Es- 
tial tial Brief of Variables Paragnph 

X .1 > Heat input 

1995 SECTION IX 

N M M -  
tial 

QW-256 (CONT'D) 
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS) 

Gas Tungsten-Arc Welding (GTAW) 

.3 QW-409 

I 

I x  I z Pulsing 1 

Electrical 
Characteristics Y X 

X 

a & Current or polarity I 

.a & I a E range 

.12 

.1 

.3 

X 

X 

& Tungsten electrode 

& StringJweave 

& l x  Orifice, cup, or nozzle size 
I 

.5 6 Method cleaning 

I 
X 

I 
4 "  

.6 

15 Change 
Legend: + Addition > Increase/greater than t Uphill - Forehand 
- Deletion < Oecrease/less than I Downhill - Backhand 

I I 6  & Method back gOU9C 

... . .  
. . . . . . . , . .. . . . -  

-. . ._ . . . . . . 

28 

- 
.7 

Technique .9 
QW-410 
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C$I Oscillation I X  
X X & Multi t o  single pasdside 

.io 

.11 

.is 

.25 
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ARTICLE 111 
WELDING PERFORMANCE QUALIFICATIONS 

QW-300 GENERAL 
QW-300.1 This Article lists the welding processes 

separately, with the essential variables which apply to 
welder and welding operator performance qualifications. 

The welder qualification is limited by the essential 
variables given for each welding process. These vari- 
ables are listed in QW-350. and are defined in Article 
IV Welding Data. The welding operator qualification 
IS limited by the essential variables given in QW-360 
for each type of weld. 

A welder or welding operator may be qualified by 
radiography of a test coupon, radiography of his initlal 
production welding, or by bend tests taken from a test 
coupon except as stated in QW-304 and QW-305. 

QW-soO.2 The basic premises of responsibility in 
regard to welding are contained within QW-103 and 
QW-301.2. These paragraphs require that each manufac- 
turer or contractor (an assembler or an installer is to 
be included within this premise) shall be responsible 
for conducting tests to qualify the performance of 
welders and welding operators in accordance with quali- 
fied Welding Procedure Specifications, which his organi- 
zation employs in the construction of weldments built 
in accordance with the Code. The purpose of this 
requirement is to ensure that the manufacturer or con- 
tractor has determined that his welders and welding 
operators using his procedures arc capable of developing 
the minimum requirements specified for an acceptable 
weldment. This responsibility cannot be delegated to 
another organization. 

The welden or welding operators used to produce 
such weldments shall be tested under the full supervision 
and control of the manufacturer, contractor, assembler. 
or installer during the production of these test weld- 
ments. It is not permissible for the manufacturer. con- 
tractor. assembler, or installer to have the welding 
performed by another organization. It is permissible, 
however, to subcontract any or all of the work of 
preparation of test materials for welding and subsequent 

work on the prepamtion of test specimens from the 
completed weldments, performance of nondestructive 
examination and mechanical tests, provided the manu- 
facturer, conuactor, assembler, or installer accepts full 
responsibility for any such work. 

The Code recognizes a manufacturer. contractor, as- 
sembler, or installer as the organization which has 
responsible operational control of the production of the 
weldments to be made in accordance with this Code. 
If in an organization effective operational control of 
the welder performance qualification for two or more 
companies of different names exists, the companies 
involved shall describe in the Quality Conml system, 
the operational conwol of performance qualifications. 
In this case requalification of welders and welding 
operators within the companies of such an organization 
will not be required, provided all other requirements 
of Section IX are met 

QW-3003 More than one manufacturer. conuactor, 
assembler. or installer may simultaneously qualify one or 
more welders or welding operators. When simultaneous 
qualifications are conducted, each participating organiza- 
tion shall be represented by a responsible employee 
during welding of the test coupons. 

The welding procedure specifications ( W S )  which 
are followed \ during simultaneous qualifications shall 
be compared by the participating organizations. The 
WPSs shall be identical for all the essential variables, 
except for the preheat temperature and PWHT require- 
ments. The qudified thickness ranges for base metal 
and deposited weld metal need not be identical, but 
these thicknesses shall be adequate to permit welding 
of the test coupons. Alternatively, the pmicipating 
Organizations shall agree upon the use of a single WPS 
provided each participating organization has a PQR(s) 
to support the WPS covering the range of variables to 
be followed in the performance qualification. When 
a single WPS is to be followed. each phcipating 
organization shall review and accept that WPS. 
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Each participating organization's representative shall 
positively identify each welder or welding operator 
who is being tested. Each organizational representative 
shall also verify marking of the test coupon with 
the welder's or welding operator's identification. and 
marking of the top of the test coupon when the onenta- 
tion must be known in order to remove test specimens. 

Each organization's representative shall perform a 
visual examination of each completed test coupon and 
shall examine each test specimen to determine its 
acceptability. Alternatively, after visual examination, 
when the test coupon(s) are prepared and tested by an 
independent laboratory, that laboratory's report may be 
used as the basis for accepting the test results. When 
the test coupon(s) is radiographically examined (QW- 
302.2), the radiographic testing facility's repon may 
be used as the basis for acceptance of the radiographic 
test. 

Each organizational representative shall complete and 
sign a Welder/Welding Operator Performance Qualifi- 
cation (WPQ) Record for each welder or welding 
operator. Form QW484 (see Nonmandatory Appendix 
B) has be; provided as a guide for the WPQ. 

When a welder or welding operator changes employ- 
ers, that new participating organization shall verify 
that the welder's continuity of qualifications has been 
maintained as required by QW-322 by previous employ- 
ers since his qualification date. If the welder or welding 
operator has had his qualification withdrawn for specific 
reasons, the employing organization shall notify all 
participating organizations that the welder's or welding 
operator's qualification(s) has been revoked in accord- 
ance with QW-322.l(b). The new organization shall 
determine that the welder or welding operator can 
perform satisfactory work in accordance with this 
Section. 

When a welder's or welding operator's qualifications 
are renewed in accordance with the provisions of QW- 
322.2, each renewing organization shall be rec-Zsented 
by a responsible employee and the testing F x d u r e s  
shall follow the rules of this paragraph. 

QW-301 Tests 
QW-301.1 intent of Tests. The performance qual- 

ification tests are intended to determine the ability of 
welders and welding operaton to make sound welds. 

QW-301.2 Qualification Tests. Each manufacturer 
or contractor shall qualify each welder or welding 
operator for each welding process to be used in produc- 
tion-welding. Theper fmame qualification test shall be 
welded in accordance with qualified Welding Procedure 
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Specifications (WPS), except that when performance 
qualification is done in accordance with a WPS that 
requires a preheat or postweld heat treatment, these 
may be omitted. Changes beyond whlch requalification 
is required are given in QW-350 for welden and 
in QW-360 for welding operators. Allowable visual, 
mechanical. and radiographic examination requirements 
are described in QW-304 and QW-305. Retests and 
renewal of qualification are given in QW-320. 

The welder or welding operator who prepares the 
WPS qualification test coupons meeting the require- 
ments of QW-200 is also qualified within the limits 
of the performance qualifications, listed in QW-304 for 
welders and in QW-305 for welding operaton. He is 
qualified only within the Limits for positions specified 
in QW-303. 

The performance test may be terminated at any stage 
of the testing procedure, whenever it becomes apparent 
to the supervisor conducting the tests that the welder 
or welding operator does not have the required skill 
to produce satisfactory results. 

QW-3013 Identification of Welders and Welding 
Operato&. Each qualified welder and welding operator 
shall be assigned an identifying number, letter, or 
symbol by the manufacturer or conuactor, which shall 
be used to identify the work of that welder or welding 
operator. 

QW-301.4 Record of Tests. The record of 
Welder/Welding Operator Performance Qualification 
(WPQ) tests shall include the essenual vanables (QW- 
350 or QW-360). the type of test and test results. and 
the ranges qualified in accordance with QW-452 for 
each welder and welding operator. A suggested form 
for these records is given in Form QW-184 (see Non- 
mandatory Appendix B). 

QW-302 Type of Test Required 

QW-302.1 Mechanical Tests. Except as may be 
specified for special processes (QW-380). the type and 
number of test specimens required for mechanical testing 
shall be in accordance with QW-452. Groove weld test 
specimens shall be removed in a manner similar to 
that shown in QW-463.2. Fillet weld test specimens 
shall be removed in a manner similar to that shown 
in QW-462.4 and QW-463.2(h). 

All mechanical tests shall meet the requirements 
prescribed in QW-160 or QW-180, as applicable. 

QW-302.2 Radiographic Examination. When the 
wdiier -er-weMing operatas is qaaii6cd by radiographic 
examination. as permitted in QW-304 for welders and 
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QW-305 for welding operaton. the minimum length 
of coupon(s) to be examined shall be 6 in. and shall 
include the entire weld circumference for pipe(s), except 
that for small diameter pipe, multiple coupons may 
be required, but the number need not exceed four 
consecutively made test coupons. The radiographic tech- 
nique and acceptance criteria shall be in accordance 
with QW-191. 

QW-3023 Test Coupons in Pipe. For test coupons 
made on pipe in position 1G or 2G of QW-461.4, two 
specimens shall be removed as shown for bend speci- 
mens in QW-463.2(d) or (e). omitting the specimens 
in the upper-right and lower-left quadrants, and replacing 
the root-bend specimen in the upper-left quadrant of 
QW463.2(d) with a face-bend specimen. For test cou- 
pons made on pipe in position 5G or 6G of QW- 
461.4, specimens shall be removed in accordance with 
QW463.2(d) or (e) and all four specimens shall pass 
the test. For test coupons made in both positions 2G 
and 5G on a single pipe test coupon, specimens shall 
be removed in accordance with QW-463.2(f) or (g). 

QW-302.4 Visual Examination. For plate coupons 
all surfaces (except areas desipated "discard") shall 
be examined visually per QW- 190 before cutting of bend 
specimens. Pipe coupons shall be visually examined 
per QW-190 over the entire circumference, inside and 
outside. 

QW-303 Limits of Qualified Positions and 
Diameters 
(See QW-461) 

QW-303.1 Groove Welds - General. Welders and 
welding operators who pass the required tests for groove 
welds in the test positions of QW-461.9 shall be 
qualified for the positions of groove welds and fillet 
welds shown in QW-461.9. In addition. welders and 
welding operators who pass the required tests for groove 
welds shall also be qualified to make fillet welds in 
all thicknesses and pipe diameters of any size within 
the limits of the welding variables of QW-350 or QW- 
360, as applicable. 

QW-303.2 Fillet Welds - General. Welders and 
welding operators who pass the required tests for fillet 
welds in the test positions of QW-461.9 shall be 
qualified for the positions of fillet welds shown in QW- 
461.9. Welders and welding operators who pass the 
tests for fillet welds shall be qualified to make fillet 
welds only in the thicknesses of material, sizes of fillet 
welds. and diameters of pipe and tube 2% in. O.D. 
and over, as shown .in QW452.5, within the applicable 

essential variables. Welders and welding operators who 
make fillet welds on pipe or tube' less than 2?4 in. 
O.D. must pass the pipe fillet weld test per QW-452.4 
or the required mechanical tests in QW-304 and QW- 
305 as applicable. 

QW-303.3 Special Positions. A fabricator who does 
production welding in a special orientation may make 
the tests for performance qualification in this specific 
orientation. Such qualifications are valid only for the 
flat position and for the special positions actually tested, 
except that an angular deviation of 2 15 deg. is permitted 
in the inclination of the weld axis and the rotation of 
the weld face, as defined in QW-461.1 and QW-461.2. 

QW-303.4 Stud-Weld Positions. Qualification in the 
4 s  position also qualifies for the 1s position. Qualifica- 
tion in the 4s and 2s  positions qualifies for all positions. 

QW-304 Welders 

Except for the special requirements of QW-380. each 
welder who welds under the rules of the Code shall 
have passed the mechanical and visual examinauons 
prescribed in QW-302.1 and QW-302.4 fespectively. 
Alternatwely, welden malung a groove weld using 
SMAW, SAW, GTAW. PAW. and GMAW (except 
short-circuiting mode) or a combination of these pro- 
cesses, may be qualified by radiographic examination. 
except for P-No. 2X. P-No. 5X. and P-No. 6X metals. 
Welders making groove welds in P-NO. 2X and P-No. 
5X metals with the GTAW process may also be qualified 
by radiographic examination. The radiographic examina- 
tion shall be in accordance with QW-302.2. 

A welder qualified to weld in accordance with one 
qualified WPS is also qualified to weld in accordance 
with other qualified WPSs, using the same welding 
process, within the limits of the essential variables of 
QW-350. 

QW-304.1 Examination. Welds made in test coupons 
for performance qualification may be examined by 
visual and mechanical examinations (QW-302.1. QW- 
302.4) or by radiography (QW-302.2) for rhe process(es) 
and mode of arc.transfer specified in QW-304. Alterna- 
tively, a 6 in. length of the first production weld made 
by a welder using the process(es) and/or mode of arc 
transfer specified in QW-301 may be qualified by 
radiography. 

QW-304.2 Failure to Meet Radiographic Stan- 
dards. If a production weld is selected for welder 
performance qualification and it does not meet the 
radiographic standards, the welder has failed the test. 

---ln this event. the entire production weld made by this 
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welder shall be radiographed and repaired by a qualified 
welder or welding operator. Alternatively. retests may 
be made as permitted in QW-320. 

QW-305 Welding Opemtors 

Except for the special requirements of QW-380, each 
welding operator who welds under the rules of this 
Code shall have passed the mechanical and visual 
examinations prescribed in QW-302.1 and QW-302.4 
respectively. Alternatively, welding operators making 
a groove weld using SMAW, SAW. GTAW, PAW, 
EGW, and GMAW (except short-circuiting mode) or 
a combination of these processes. may be qualified by 
radiographic examination, except for P-Nos. 2X, 5X. 
and 6X metals. Welding operators malung groove welds 
in P-No. 2X and P-No. 5X metals with the GTAW 
process may also be qualified by radiographic examina- 
tion. The radiographic examination shall be in accord- 
ance with QW-302.2. 

A welding operator qualified to weld in accordance 
with one qualified WPS is also qualified to weld in 
accordance with other qualified W S s  within the limits 
of the essential variables of QW-360. 

QW-305.1 Examination. Welds made in test coupons 
may be examined by radiography (QW-302.2) or by 
visual and mechanical examinations (QW-302.1, QW- 
302.4). Alternatively, a 3 ft length of the first production 
weld made entirely by the welding operator in accord- 
ance with a qualified WPS may be examined by radiog- 
raphy. 

QW-305.2 Failure to Meet Radiographic Stan- 
dards. If a portion of a production weld is selected 
for welding operator performance qualification, and it 
does not meet the radiographic standards, the welding 
operator has failed the test. In this event, the entire 
production weld made by this welding operator shall 
be radiographed completely and repaired by a qualified 
welder or welding operator. Alternatively, retests may 
be made as permitted in QW-320. 

QW-306 Combination of Welding Processes 

Each welder or welding operator shall be qualified 
within the limits given in QW-301 for the specific 
welding process(es) he will be required to use in 
production welding. A welder or welding operator 
may be qualified by making tests with each individual 
welding process in separate test coupons, or with a 
combination of welding processes in a single test cou- 
pon. Two or more welders or welding operators, each 

a diffeient welding process, may be 
qualified in combination in a single test coupon. For 

combination qualifications in a single test coupon, the 
limits for thicknesses of deposited weld metal, and 
bend and fillet testing are given in QW-452 and shall 
be considered individually for each welder or welding 
operator for each welding process or whenever there 
is a change in an essential variable. A welder or welding 
operator qualified in combination on a single test coupon 
is qualified to weld in production using any of his 
processes individually or in different combinations, 
provided he welds within his limits of qualification 
with each specific process. 

Failure of any portion of a combination test in a 
single test coupon constitutes failure of the entire 
combination. 

QW-310 QUALIFICATION TEST COUPONS 

QW-310.1 Test Coupons. The test coupons may be 
plate, pipe, or other product forms. When all position 
qualifications for pipe are accomplished by welding 
one pipe assembly in both the 2G and 5G positions 
(QW-461.4), 6 in., 8 in.. 10 in.. or larger diameter 
pipe shall be employed to make up the test coupon 
as shown in QW-463.2(f) for 10 in. or larger pipe and 
in QW-463.2(g) for 6 in. or 8 in. diameter p~pe. 

QW-3102 Welding Groove With Backing. The 
dimensions of the welding groove on the test coupon 
used in making qualification tests for double-welded 
groove welds or single-welded groove welds with back- 
ing shall be the same as those for any Welding Procedure 
Specification (WPS) qualified by the manufacturer, or 
shall be as shown in QW-469.1. 

A single-welded groove-weld test coupon with back- 
ing or a double-welded groove-weld test coupon shall 
be considered welding with backmg. Panial penemuon 
groove welds and fillet welds are considered welding 
with backing. 

QW-3103 Welding Groove Without Backing. The 
dimensions of the welding groove of the test coupon 
used in making qualification tests for single-welded 
groove welds wjthout backing shall be the same as 
those for any WPS qualified by the manufacturer. or 
as shown in QW-469.2. 

QW-320 RETESTS AND RENEWAL OF 
QUALIFICATION 

QW-321 Retests 

. A welder or weiding operator who fails one or more 
of the tests prescribed in QW-304 or QW-305, as 

46 

3-32 



QW-32 I PERFORMANCE QUALIFICATIONS QW-322.2 

applicable. may be retested under the following condi- 
tions. 

QW-321.1 Immediate Retest Using Visual Exami- 
nation. When the qualification coupon has failed the 
visual examination of QW-302.4. retesting shall be by 
visual examination before conducting the mechanical 
testing. 

When an immediate retest is made. the welder or 
welding operator shall make two consecutive test cou- 
pons for each position which he has failed, all of which 
shall pass the visual examination requirements. 

The examiner may select one of the successful test 
coupons from each set of retest coupons which pass 
the visual examination for conducting the mechanical 
testing. 

QW.321.2 Immediate Retest Using Mechanical 
Testing. When the qualification coupon has failed the 
mechanical testing of QW-302.1. retesting shall be by 
mechanical testing. 

When an immediate retest is made, the welder or 
welding operator shall make two consecutive test cou- 
pons for each position which he has failed, all of which 
shall pass the test requirements. 

QUI-321.3 Immediate Retest Using Radiography. 
N'hen the qualification coupon has failed the radio- 
graphic examination of QW-302.2. the immediate retest 
shall be b) the radiographic examination method. 

( a )  For welders and welding operators the retest shall 
tie to radiographically examine two 6 in. plate coupons; 
for pipe. to examine two pipes for a total of I?, in. 
of weld, which shall include the entire weld circumfer- 
ence for pipe or pipes (for small diameter pipe the 
total number of consecutively made test coupons need 
not exceed eight). 

( b )  At the option of the manufacturer. the welder 
who has failed the (production weld altemative) test 
in QW-304.1 may be retested by radiographing an 
additional 12 in. length of the same production weld. 
If this length of weld passes the test. the welder is 
qualified and the area of weld on which he had pre- 
viously failed the test shall be repaired by him or 
another qualified welder. 

If this 12 in. length does not meet the radiographic 
standards, the welder has failed the retest and all of 
the production welds made by this welder shall be 
radiographed completely and repaired by a qualified 
welder or welding operator. 

(c)  At the option of the manufacturer. the welding 
operator who has failed the test in QW-305.2 may be 
retested by radiographing an additional 6 ft length of 
the same production weld. If this length of weld passes 

the test, the welding operator is qualified and the area 
of weld on which he had previously failed the test 
shall be repaired by him or another qualified welder 
or welding operator. If  this 6 ft length does not meet 
the radiographic standards, the welding operator has 
failed the retest and all of the production welds made 
by this welding operator shall be radiographed com- 
pletely and repaired by a qualified welder or welding 
operator. 

QW-321.4 Further Training. When the welder or 
the welding operator has had further training or practice, 
a new test shall be made for each position on which 
he failed to meet the requirements. 

QW-322 Expiration and Renewal of 
Qualification 

QW322.l Expiration of Qualification. The per- 
formance qualification of a welder or welding operator 
shall be affected when one of the following conditions 
occur: 

(a) when he has not welded with a process during 
a period of 6 months or more. his qualifications for 
that process shall expire. 

(b )  when there is a specific reason to question his 
ability to make welds that meet the specification, the 
qualifications which suppott the welding he is doing 
shall be revoked. All other qualifications not questioned 
remain in effect. 

QW-322.2 Renewal of Qualification 
( 0 )  Renewal of qualification expired under QW- 

322.  I (a) above may be made for any process bq welding 
a single test coupon of either plate or pipe, of any 
material, thickness or diameter, in any position. and 
by testing of that coupon as required by QW-301 and 
QW-302. A successful test renews the welder or welding 
operator's previous qualifications for that process for 
those materials, thicknesses. diameters. positions. and 
other variables for which he was previously qualified. 

Providing the conditions of QW-304 and QW-305 
are satisfied. renewal of qualification under QW-322. I (a) 
may be done on. production work. 

(b)  Welders and welding operators whose qualifica- 
tions have been revoked under QW-322.l(b) above 
shall requalify. Qualification shall utilize a test coupon 
appropriate to the planned production work. The coupon 
shall be welded and tested as required by QW-301 and 
QW-302. Successful test restores the qualification. 
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Base Metals .I8 

QW-350 WELDING VARLABLES FOR 

QW-351 General 
A welder shall be requalified whenever a change is 

made in one or more of the essential variables listed 
for each welding process. 

Where a combination of welding processes is required 
to make a weldment, each welder shall be qualified 
for the particular welding process or processes he will 
be required to use in production welding. A welder 
may be qualified by making tests with each individual 
welding process. or with a combination of welding 
processes in a single test coupon. 

The limits of deposited weld metal thickness for 
which he will be qualified are dependent upon the 
thickness of the weld he deposits with each welding 
process. exclusive of any weld reinforcement, this thick- 
ness shall be considerrd the test coupon thickness as 
given In QW-451’. 

In any given production weldment, welders may not 
deposit a thickness greater than that permitted by QW- 
352 for each welding process in which they are qualified. 

WELDERS 

6 P-Number 

QW-353 SHIELDED METAL-ARC WELDING (SMAWI 
Essential Variabies 

Paragraph Brief of Variables 

Joints 

OW-403 .16 Pipe Diameter 

QW-404 15 

.30 Filler Metals 

.1 

3 

QW-405 
Positions 

6 F-Number 

6 t Weld deposit 

Position 

6 * . Vertical welding 

Paragraph 

.16 

Base Metals .18 

15 Q W 4 W  
Filler Metals 3 0  

aw-403 

.1 QW-405 
Positions 

QW-352 OXYFUEL GAS WELDING (OFW) 
Essential Variables Bncf of Variables 

4 Pipe diameter 

6 P-Number 

C$ F-Number 

6 t Weld deposit 

+ Position 

Paragraph 

aw-402 .7 
Joints 

.2 Q W 4 0 3  
Base Metals .18 

.14 QW-404 
Filler Metals .15 

.31 Filler Metals 

aw-405 .1 
Positions 

-7 taw-so8 
Gas 

QW-354 SEMIAUTOMATIC SUBMERGED-ARC 
WELDING (SAW) 
Essential Variables 

Brief of Variables 

+ Backing 

Maximum qualified 

4 P-Number 

2 Filler 

4 F-Number 

& t Weld deposit 

+ Position 

Q T m  fuel gas.- 
.. . . ___. . . .. _ _  . . .. . ... . . .  
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QW-355 SEMIAUTOMATIC GAS METAL-ARC 
WELDING (GMAW) 

[This includes Flux-Cored Arc Welding (FCAWII 
Essential Variables 

Paragraph Brief of Variable 

.4 - Backing QW-402 

aw-403 

Joints 

.16 4 Pipe diameter 

Base Metals .18 6 P-Number 

.15 I$ F-Number 

.30 4 t Weld deposit 

.32 

.1 + Position 

a w 4 0 4  
Filler Metals 

t Limit is. Cir. Arc.) 

aw-405 

aw-408 
Gas 

qw-409 

Positions .3 Q 7 i Vertical welding 

.8 - Inert backing 

. 2  4 Transfer mode 

Electrical 

QW-356 MANUAL AND SEMIAUTOMATIC GAS 
TUNGSTEN-ARC WELDING (GTAW) 

Essential Variables 

Paragraph Bnef of Vanabks 

4 - Backing Q W 4 0 2  
Joints 

OW-403 .I6 t$ Pipe diameter 

Base Metals .18 t$ P-Number 

.14 ? Filler 

QW404 15 6 F-Number 

Filler Metals .22 2: Inserts 

.30 6 t Weld deposit 

.1 + Position a w 4 0 5  

Positions .3 6 T I Vertical welding 

aw-so8 .8 - Inert backing 

Gas - -~ 

QW-409 .4 Q Current or polarity 

Electrical 
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QW-357 MANUAL AND SEMlAUTOMATlC 
PLASMA-ARC WELDING (PAW) 

Essential Variables 

Paragraph Brief of Variables 

QW-402 .4 - Backing 

Joints 

QW-403 .16 4 Pipe diameter 

Base Metals .18 6 P-Number 

.14 2 Filler 

.15 6 F-Number 

qw-404 .22 2 inserts 
Filler Metals 

QW-405 .1 + Position 

Positions 3 + t L Vertical welding 

.30 Q t Weld deposit 

.8 - Inert backing aw-408 
Gas 

Legend for QW-352 through QW-357' 
t$ Change T Uphill - Addition I Downhill 
- Deletion 

QW-360 WELDING VARIABLES FOR 
WELDING OPERATORS 

QW-361 General 

Except as specified in QW-361,. QW-363. and for 
the special processes of QW-380. a welding operator 
shall be requalified whenever a change is made in one 
of the following essential variables. 

QW-361.1 Essential Variables - Automatic 
Welding 

(a)  .4 change from automatic to machine welding. 
(6) A change in the welding process. 
(c) For electron beam and laser welding, the addition 

(d )  For laser welding. a change in laser type (e.g.. 

(e) For friction welding. a change from continous 

fl For electron beam welding, a change from vac- 

QW-361.2 Essential Variables - Machine Welding 
(a) A change in the welding process. 
(6) A change from direct visual control to remote 

(c)  The deletion of an automatic arc voltage control 

or deletion of filler metal. 

a change from CO: to YAG). 

drive to inertia welding or vice versa. 

uum to out-of-vacuum equipment, and vice versa. 

visual control and vice-versa. 

system for. GTA W . 
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(d )  The deletion of automatic joint tracking. 
(e) The addition of welding positions other than 

those already qualified (see QW-120. QW-130. and 

cfl The deletion of consumable inserts, except that 
qualification with consumable inserts shall also qualify 
for fillet welds and welds with backing. 

(g) The deletion of backing. Double-welded groove 
welds are considered welding with backing. 

(hJ A change from single pass per side to multiple 
passes per side but not the reverse. 

QW-303). 

QW-362 Electron Beam Weldin: (EBW), Laser 
Beam Welding (LBW), and Friction 
Welding (FRW) 

The performance qualification test roupon shall be 
production pans or test coupons that have joint designs 
permitted by my qualified WPS. The coupon shall 
be mechanically tested in accordance with QW-452. 
.4lternatively. when the part or coupon does not readily 
lend itself to the preparation of bend test specimens, 
the part may be cut so that at least two full-thickness 
weld cross sections are exposed. Those cross sections 
shall be smoothed and etched with a suitable etchant 
(see QW-470) to give a clear definition of the weld 
metal and heat affected zone. The weld metal and heat 
affected zone shall exhibit complete fusion and freedom 
from cracks. The essential vanables for welding operator 
qualification shall be in accordance with QW-361. 

QW-363 Stud Welding 

Stud welding operators shall be performance qualified 
in accordance with the test requirements of QW-193 
and the position requirements of QW-303.3. 

QW-380 SPECIAL PROCESSES 

QW-381 Corrosion-Resistant Weld Metal 
Overlay 

(a )  The size of test coupons, limits of qualification, 
required examinations and tests, and test specimens 
shall be as specified in QW-453. 

(b) Welders or welding operators who pass the tests 
for corrosion-resistant weld metal overlay cladding shall 
only be qualified to apply corrosion-resistant weld metal 
overlay portion of a groove weld joining composite 
clad or lined materials. 

(c) The essential variables of QW-350 and QW- 
360 shall apply for welders and welding operatars 
respectively. except welders or welding operators shall 

be qualified for unlimited maximum deposited thickness 
and as othenvise specified in QW-453. 

(d) A welder or welding operator who has qualified 
on composite welds in clad or lined material, as provided 
in QW-383(c) is also qualified to deposit corrosion- 
resistant weld metal overlay. 

QW-382 Hard-Facing Weld Metal Overlay 
(Wear Resistant) 

(a) The size of the test coupons, limits of qualifica- 
tion, required examinations and tests. and test specimens 
shall be as specified in QW-453. Base material test 
coupons may be as permitted in QW-423. 

(b)  Welders and welding operators who pass the 
tests for hard-facing weld metal overlay are qualified 
for hard-facing overlay only. 

(c) The essential variable, of QW-350 and QW- 
360, shall apply for welders and welding operators, 
respectively, except that there is no limit on the maxi- 
mum thickness of hard-facing overlay that may be 
applied in production and as otherwise specified in 

(d)  Qualification with one AWS classificatibn within 
an SFA specification qualifies for all other AWS classi- 
fications in that SFA specification. 

(e) A change in welding process shall require welder 
and welding operator requalification. 

Q W-453. 

QW-383 Clad Plate or Applied Lining 

(a) A welder or welding operator who has qualified 
on composite welds in clad or lined matenal as provided 
in (c). belo*, is qualified for welding the base metal 
and lining or cladding material separately. A welder 
or welding operator who has qualified using separate 
test coupons for both the base material and lining or 
cladding materials is also qualified to make a composite 
weld. Qualification on both base material and lining 
or cladding material is required only of welders or 
welding operators who weld both materials. 

(b) The qualification test coupon shall consist of a 
base material not less than 6 in. long, 3 in. wide. and 
% in. thick, to which are clamped or bonded two strips 
of lining or cladding material separated by a gap left 
in the lining or a groove cut in the cladding as illustrated 
in QW-462.6(a); or the test coupon may be a base 
material not less than 6 in. long, 3 in. wide, and ?/B 
in. thick with a '/B in. deep groove cut in the cladding 
as illustrated in QW-462.6(b). 

The gap or groove shall run lenethwise of the test 
c o u p  approximately midway of the coupon width. 
The width of the gap shall not be less than twice the 

50 
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nominal thickness of the lining or cladding and not 
less than the maximum gap to be used in construction, 
but need not be greater than v, in. The essential variables 
of QW-350 for welders and QW-360 for welding 
operators shall apply separately to the base material 
and the lining or cladding. For material not included 
in QW-122, the material used in the test coupon shall 
be within the range of chemical composition of that 
to be used in construction. The test weld shall be made 
between the edges of the joint representing lining or 
cladding material by the technique prescribed in a 
qualified W S .  Postweld heat treatment may be omitted 
per QW-301.2. The mechanical test shall be performed 
on two longitudinal face-bend test specimens that con- 
form to the dimensions and other requirements of QW- 
161 and QW-462.3(b). The specimens shall be tested 
in accordance with and meet the requirements of QW- 
160. 

(c) Composire U'elds. Performance qualification tests 
may be made by preparing test coupons from clad 

material so that the essential variables of QW-350 or 
QW-360 are met. Heat treatment is not required, but 
is permitted if the welder's or welding operator's work 
on construction is to be heat treated. QW-462.6(c), (d), 
and (e) show some acceptable composite joint details. 

QW-384 Resistance Welding Operator 
Qualification 

Each welding operator shall be tested on each machine 
type which he will use. Qualification testing on any 
P-2X metal shall qualify the operator for all materials. 
Qualification on any P-1 through P-1 1 or any P-4X 
metals shall qualify the operator for all P-I through 
P-1 1 or P-4X metals. Qualification testing shall consist 
of making a set of 10 consecutive welds. five of which 
shall be subjected to mechanical shear tests or peel tests. 
and five to metallographic examination. Examination, 
testing, and acceptance criteria shall be in accordance 
with QW-196. 

. 
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ARTICLE IV 
WELDING DATA 

QW-400 VARIABLES 

QW-401 General 

Each welding variable described in this Article is 
applicable as an essential, supplemend essential, or 
nonessential variable for procedure qualification when 
referenced in QW-250 for each specific welding process. 
Essential variables for performance qualification are 
referenced in QW-350 for each specific welding process. 
.A change from one welding process to another welding 
process is an essential vanable and requires requalifi- 
cation. 

QW-401.1 Essential Variable (Procedure). A 
change in a welding condition which will affect the 
mechanical properties (other than notch toughness) of 
the weldment (for example, change in P-Number, weld- 
ing process. filler metal, electrode, preheat or postweld 
heat treatment, etc.). 

QW-401.2 Essential Variable (Performance). A 
change in a welding condition which will affect the 
ability of a welder to deposit sound weld metal (such 
as a change in welding process, deletion of baclung, 
electrode, F-Number, technique, etc.). 

QW-4013 Supplemental Essential Variable (Pro- 
cedure). A change in a welding condition which will 
affect the notch-toughness properties of a weldment 
(for example. change in welding process, uphill or 
down vertical welding, heat inpuf preheat or PWHT. 
etc.). 

When a procedure has been previously qualified to 
satisfy all requirements other than notch toughness, it 
is then necessary only to prepan an additional test 
coupon using the same procedure with the same essenti:' 
variables, but additionally with all of the required 
supplementary essential variables, with the coupon long 
enough to provide the necessary notch-toughness spec- 
imens. 

When a procedure has been previously qualified to 
satisfy all requirements including notch toughness, but 

one or more supplementary essential variable is changed, 
then it is only necessary to prepare an additional test 
coupon using the same welding procedure and the new 
supplementary essential variable(s), with the coupon 
long enough to provide the necessary notch-toughness 
specimens. If a previously qualified weld procedure 
has satisfactory notch-toughness values in the weld 
metal, then it is necessary only to test notch-toughness 
specimens from the heat affected zone when such are 
required. 

QW-401.4 Nonessential Variable (Procedure), A 
change in a welding condition which will not affect 
the mechanical properties of a weldment (such as joint 
design, method of back gouging or cleaning, etc.) 

QW-4015 The welding data includes the welding 
variables grouped as joints, base metals, filler metals, 
position, preheat, postweld heat treatment, gas, electrical 
characteristics, and technique. For convenience. vari- 
ables for each welding process are summarized in 
QW-415 for procedure qualification and QW416 for 
performance qualification. 

QW42 Joints 

QW-402.1 A change in the type of groove (Vee- 
groove. U-groove. single-bevel, double-bevel, etc.). 

QW-402.2 The addition or deletion of a backing. 

QW-4023 A change in the nominal composition of 
the backing. 

QW-402.4 The deletion of the backing in single- 
welded groove welds. Double-welded groove welds are 
considered welding with backing. 

QW-4025 The addition of a backing or a change 
in its nominal composition. . 

QW-402.6 An increase in the fit-up gap, beyond 
that initially qualified. 
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QW-102.7 The addition of backing. 

QW42.8 A change in nominal size or shape of 

QW-402.9 i n  stud welding. a change in shielding 

QW-402.10 A change in the specified root spacing. 

QW-402.11 The addition or deletion of nonmetallic 
retainers or nonfusing metal retaine1.s. 

QW-402.12 The welding procedure qualification test 
shall duplicate the joint configuration to be used in 
production within the limits listed. except that pipe or 
tube to pipe or tube may be used for qualification of 
a pipe or tube to other shapes. and solid round to solid 
round may be used for qualification of a solid round 
to other shapes: 

(a )  any change exceeding 210 deg. in the angle 
measured for the plane of either face to be joined, to 
the axis of rotation; 

(b) a change in cross-sectional area of the weld joint 
greater than 108; 

(c)  a change in the outside diameter of the cylindrical 
weld interface of the assembly greater than 210%; 

( d )  a change from solid to tubular cross section at 
the joint or vice versa regardless of (b) above. 

QW-402.13 A change in the joint from spot to 
projection to seam or vice versa. 

QW-402.14 A decrease in the center-to-center dis- 
tance when the welds overlap. An increase or decrease 
of more than 10% in the spacing of the welds when 
they are within two diameters of each other. 

QW-402.15 A change in the size or shape of the 
projection in projectlon welding. 

QW-402.16 A decrease in the distance between the 
weld fusion line and the final surface of the production 
corrosion-resistant or hard-facing weld metal overlay 
below the minimum thickness qualified as shown in 
QW-462.5. There is no limit on the maximum thickness 
for corrosion-resistant or hard-facing weld metal overlay 
that may be used in production. 

QW-402.17 An increase in the thickness of the 
production spray fuse hard-facing deposit above the 
thickness deposited on the procedure qualification test 
coupon. 

the stud at the section to be welded. 

as a result of ferrule or flux type. 

QW-403 Base Metals 
QW-403.1 A change from a base metal listed under 

one P-Number in QW-422 to a metal listed under 

another P-Number or to any other base metal. When 
joints are made between two base metals that have 
different P-Numbers, a procedure qualification shall be 
made for the applicable combination of P-Numbers. 
even though qualification tests have been made for 
each of the two base metals welded to itself. 

QW-403.2 The maximum thickness qualified is the 
thickness of the test coupon. 

QW-4033 Where the measurement of penetration 
can be made by visual or mechanical means, requalifica- 
tion is required where the base metal thickness differs 
by 20% from that of the test coupon thickness when 
the test coupon thickness is 1 in. and under, and 10% 
when the test coupon thickness is over 1 in. Where 
the measurement of penetration cannot be made, requali- 
fication is required where the base metal thickness 
differs by 10% from that of the test coupon when the 
test coupon thickness is 1 in. and under, and 5% when 
the test coupon thickness is over 1 in. 

QW-403.4 Welding procedure qualifications shall be 
made using a base metal of the same type or grade 
or another base metal listed in the same group (see 
QW422)  as the base metal to be used in production 
welding. When joints arc to be made between base 
metals from two different groups. a procedure qualifica- 
tion must be made for the applicable combination of 
base metals, even though procedure qualificatlon tests 
have been made for each of the two base metals welded 
to itself. 

QW-4035 Welding procedure qualifications shall be 
made using a base metal of the same type or grade 
or another base metal listed in the same P-Pu'umber 
and Group Number (see QW-422) as the base metal to 
be used in production welding. A procedure qualification 
shall be made for each P-Number and Group Number 
combination of base metals, even though procedure 
qualification tests have been made for each of the two 
base metals welded to itself. If, however, the procedure 
specification for welding the combination of base metals 
specifies the same essential variables. including elec- 
trode or filler metal, as both specifications for welding 
each base metal to itself, such that base metals is the only 
change, then the procedure specification for welding the 
combination of base metals is also qualified. In addition. 
when base metals of two different P-Number Group 
Number combinations are qualified using a single test 
coupon, that coupon qualifies the welding of those ~ W O  

P-Number Group Numbers to themselves as well as 
to each other using the variables qualified. 
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QW-403.6 The minimum base metal thickness quali- 
fied is the thickness of the test coupon T or % in., 
whichever is'less. However, where 7 is less than !4 
in.. the minimum thickness qualified is '/ZT. This limita- 
tion does not apply when a WPS is qualified with a 
PWHT above the upper transformation temperature or 
when an austenitic material is solution annealed after 
welding. 

QW-403.7 For the multipass processes of shielded 
metal-arc, submerged-arc, gas tungsten-arc. and gas 
metal-arc, the maximum thickness qualified for 1% in. 
and over thickness T of the test coupon of QW-451.1 
shall be 8 in. for the conditions shown in QW-451.1. 
For thicknesses greater than 8 in., the procedure test 
coupon thickness of the joint to be welded in production 
divided by 1.33. and the maximum thickness of base 
metal and deposited weld metal qualified is 1.331 or 
1.33t. as applicable. 

QW-403.8 A change in base metal thickness beyond 
the range qualified in QW-451, except as otherwise 
permitted by QW-202.4(b). 

QW-403.9 For single-pass or multipass welding in 
which any pass is greater than Y2 in. thick, an increase 
in base metal thickness beyond 1.1 times that of the 
qualification test coupon. 

QW-403.10 For the short-circuiting transfer mode 
of the gas metal-arc process, when the qualification 
test coupon thickness is less than in., an increase 
in thickness beyond 1.1 times that of the qualification 
test coupon. For thicknesses of '/? in. and greater, use 
QW-451.1 or QW-451.2. as applicable. 

QW-403.11 Base metals specified in the WPS shall 
be qualified by a procedure qualification test which 
was made using base metals in accordance with QW- 
424. 

QW-403.12 A change from a base metal listed under 
one P-Number of QW-422 to a base metal listed under 
another P-Number. When joints are made between two 
base metals that have different P-Numbers, requalifica- 
tion is required even though the two base metals have 
been independently qualified using the Same procedure. 
When the melt-in technique is used for joining P-NO. 
I ,  P-No. 3, P-No. 4, and P-No. 5A. a procedure 
qualification test with one P-Number metal shall also 
qualify for that P-Number metal welded to each of the 
lower P-Number metals, but not vice versa. 

QW-403.13 A change from one P-No. 5 to any 
other P-No. 5 (vit P-NO. 5A to P-NO. 5B or P-NO. 

9B but not vice versa. A change from one P-No. IO 
to any other P-No. 10 (viz P-NO. IOA to P-NO. IOB 
or P-No. IOC, etc.. or vice vena). 

QW-403.15 Welding procedure qualifications for la- 
ser beam welding and electron beam welding shall be 
made using a base metal of the same t y p  or grade 
or another base metal listed in the same P-Number 
(and the same group where given - see QW-422) as 
the base metal to be used in production welding. When 
joints are to be made between base metals from two 
different P-Numbers (or two different groups), a proce- 
dure qualification must be made for the applicable 
combination of base metals even though procedure 
qualification tests have been made for each of the two 
base metals welded to itself. 

QW-403.16 A change in the pipe diameter beyond 
the range qualified in QW-452. except as otherwise 
permitted in QW-303.1, QW-303.2, or when welding 
corrosion-resistant weld metal overlay is performed 
parallel to the axis of the pipe. 

QW-403.17 In stud welding. a change in combination 
of base metal listed under one P-Number in QW-421 
and stud metal P-Number (as defined in Note below), 
or to any other base metal/stud metal combination. 

NOTE: Stud metal shall be classified by nominal chemical composi- 
tion and can be assigned a P-Number when it  meets the nomnal 
composition of any one of the P-Number metals. 

QW-403.18 A change from one P-Sumber to any 
other P-Number or to a base metal not listed in QW- 
422, except as permitted in QW-423. and in QW420.9. 

QW-403.19 A change to another base material type 
or grade (type or grade are materials of the same 
nominal chemical analysis and mechanical propeny 
range, even though of different product form), or to 
any other base material type or grade. When joints are 
made between two different types or grades of base 
material, a procedure qualification must be made for 
the applicable combinations of materials. even though 
procedure qualification tests have been made for each 
of the two base materials welded to itself. 

QW-403.20 A change from a base metal, listed under 
one P-Number in QW-422. to a metal listed under 
another P-Number or to any other base metal; from a 
base metal of one subgroup to any other grouping in 
P-No. 10 or 11. 

QW-403.21 The addition or deletion of a coating, 
plating or cladding. or a change in the nominal chemical 
analysis or thickness range of the plating or cladding, 

- - . _  
5C or vice versa).-A change from P-No. 9A to P-No. or a a a n g e  in type of2eating as specified m the W S .  
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QW-403.22 A change in the nominal base metal 
thickness exceeding 5 8  of any outer sheet ttuckness 
or 10% of the nominal thickness of the total joint from 
that qualified. 

QW-403.23 A change in base metal thickness beyond 
the range qualified in QW-453. 

QW-404 Filler Metals 

QW-404.1 A change in the cross-sectional area of 
the filler metal added (excluding buttering) or in the 
wire-feed speed greater than 210% beyond that qual- 
ified. 

QW-404.2 A decrease in the thickness or change in 
nominal specified chemical analysis of weld metal 
buttering beyond that qualified. (Buttering or surfacing 
is the deposition of weld metal on one or both faces 
of the joint prior to preparation of the joint for final 
electron beam welding.) 

QW-4043 A change in the size of the filler metal. 

QW-404.4 A change from one F-Number in QW- 
432 to any other F-Number or to any other filler metal 
not listed in QW-432. 

QW-404.5 (Applicable only to ferrous metals.) A 
change in the chemical composition of the weld deposit 
from one A-Number to any other A-Number in QW- 
442. Qualification with A-No. 1 shall qualify for A- 
No. 2 and vice versa. 

The weld metal chemical composition may be deter- 
mined by any of the following. 

(a) For all welding processes - from the chemical 
analysis of the weld deposit taken from the procedure 
qualification test coupon. 
(6) For SMAW. GTAW, and PAW - from the 

chemical analysis of the weld deposit prepared according 
to the filler metal specification, or from the chemical 
composition as reported either in the filler metal specifi- 
cation or the manufacturer’s or supplier’s certificate of 
compliance. 

(c )  For GMAW and EGW - from the chemical 
analysis of the weld deposit prepared according to 
the filler metal specification or the manufacturer’s or, 
supplier’s Certificate of compliance when the shielding 
gas used was the same as that used to weld the 
procedure qualification test coupon. 

( d )  For SAW - from the chemical analysis of the 
weld deposit prepared according to the filler metal 
specification or the manufacturer’s or supplier’s certifi- 
cate of compliance when the flux used was the same 
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as that used to weld the procedure qualification test 
coupon. 

In lieu of an A-Number designation, the nominal 
chemical composition of the weld deposit shall be 
indicated on the WPS and on the PQR. Designation 
of nominal chemical composition may also be by 
reference to the AWS classification (where such exists), 
the manufacturer’s trade designation, or other estab- 
lished procurement documents. 

QW-404.6 A change in the nominal site of the 
electrode or electrodes specified in the WPS. 

QW-404.7 A change in the nominal diameter of the 
electrode to over % in. This limitation does not apply 
when a WPS is qualified with a PWHT above the 
upper transformation temperature or when an austenitic 
material is solution annealed after welding. 

. 

QW-404.8 Addition or deletion, or a change in 
nominal amount or composition of supplementary deoxi- 
dation material (in addition to filler metal) beyond that 
qualified. (Such supplementary metal may be required 
for weld metal deoxidation for some metals being 
welded.) 

QW404.9 
( 0 )  A change in the indicator for minimum tensile 

strength (e.g., the 7 in F7A2-EM12K) when the flux 
wire combination is classified in Section 11. Part C. 

(b)  A change in either the flux trade name or wire 
trade name when neither the flux nor the wire is 
classified in Section Ii. Part C. 

(c )  A change in the flux trade name when the wire 
is classified in Section 11, Part C but the flux is not 
classified. A change in the wire classification within 
the requirements of QW-404.5 does not require requali- 
fication. 

(d) A change in the flux trade name for A-No. 8 
deposits. 

QW-404.10 Where the alloy content of the weld 
metal is largely dependent upon the composition of 
the flux used, any change in any part of the welding 
procedure which would result in the important alloying 
elements in the weld metal being outside of the specifi- 
cation range of chemistry given in the Welding Proce- 
dure Specification. If there is evidence that the produc- 
tion welds are not being made in accordance with the 
procedure specification, the authorized inspector may 
require that a check be made on the chemical composi- 
tion of the weld metal. Such a check shall preferably 
be made on a production weld. 

QW-404.12 A change in the SFA specification filler 
metal classification or to a filler metal not covered by 

56 



VARIABLES QW-40433 QW-oO4.12 

an SFA specification. or from one filler metal not 
covered by an SFA specification to another which is 
not covered by an SFA specification. 

When a filler metal conforms to an SFA specification 
classification. requalification is not required if a change 
is made in any of the following: 

(a) from a filler metal which is designated as mois- 
ture-resistant to one which is not designated as moisture- 
resistant and vice-versa (Le., from E7018R to E7018); 

(b) from one diffusible hydrogen level to another 
(Le., from €7018-HE to E7018-Hl6); 

(c)  for carbon, low alloy, and stainless steel filler 
metals having the same minimum tensile strength and 
the Same nominal chemical composition, a change from 
one low hydrogen coating type to another low hydrogen 
coating type (i.e., a change among EXX15, 16. or 18 
or EXXX15. 16. or 17 classifications); 

( d )  from one position-usability designation to another 
for flux cored electrodes (Le.. a change from €701-1 
to E7lT-1 or vice versa); 

(e) from a classification which requires impact testing 
to the same classification which has a suffix which 
indicates that impact testing was performed at a lower 
temperature or exhibited greater toughness at the re- 
quired temperature or both. as compared to the classifi- 
cation which was used dunng procedure qualificauon 
(Le., a change from E7018 to E7018-1). 

QW-404.14 The deletion or addition of filler metal. 

QW-404.15 A change from one F-Number in QW- 
432 to any other F-Number or to any other filler metal. 
except as permitted in QW-433. 

QW-404.17 A change in the type of flux or composi- 
tion of the flux. 

QW-404.18 A change from wire to plate electrodes, 
and vice versa. 

QW-404.19 A change from consumable guide to 
nonconsumable guide, and vice versa. 

QW44.20 Any change in the method by which 
filler metal is added, such as preplaced shim, top strip, 
wire, wire feed, or prior weld metal buttering of one 
or both joint faces. 

QW-404.21 For filler metal additions, any change 
from the nominal specified analysis of the filler metal 
qualified. 

QW-404.22 The omission or addition of consumable 
inserts. Qualification in a single-welded but! joint, with 
or without consumable inserts. qualifies for fillet welds 

SFA-5.30, except that the chemical analysis of the 
insen conforms to an analysis for any barr wire given 
in any SFA specification or AWS Classification, shall 
be considered as having the same F-Number as that 
bare wire as given in QW-432. 

QW-404.23 A change in the filler metal from bare 
(solid) or metal cored to Aux cored, or vice versa. 

QW-404.24 The addition or deletion of supplemen- 
tary filler metal. 

QW-404.25 The addition or deletion of supplemen- 
tary powdered filler metal. 

QW-404.26 An increase in the F o u n t  of supplemen- 
tary powdered filler metal. 

QW-404.27 Where the alloy content of the weld 
metal is largely dependent upon the composition of 
the supplementary powdered filler metal. any change 
in any part of the welding procedure which would 
result in the important alloying elements in the weld 
metal being outside of the specification range of chemis- 
try given in the Welding Procedure Specification. 

QW-404.29 A change in the flux nade 'name and 
designation. 

QW-404.30 A change in deposited weld metal thick- 
ness beyond the range qualified in QW-451 for proce- 
dure qualification or QW-452 for performance qualifica- 
tion. except as otherwise permitted in QW-303.1 and 
QW-303.2. When a welder is qualified using radiogra- 
phy, the thickness ranges of QW-452.1 apply. 

QW-40431 The maximum thickness qualified is the 

QW-40432 For the low voltage short-circuiting type 
of gas metal-arc process when the deposited weld metal 
thickness is less than 9'' in.. an increase in deposited 
weld metal thickness beyond 1.1 times that of the 
qualification test deposited weld metal thickness. For 
weld metal thicknesses of '/2 in. and greater, use QW- 
451.1 or QW-451.2. or QW-452.1 or QW-452.2, as 
applicable. 

QW-40433 A change in the SFA specification filler 
metal classification, or. if not conforming to an AWS 
filler metal classification. a change in the manufactunr's 
trade name for the elecuode or filler metal. When 
optional supplemental designators, such as those which 
indicate moisture resistance (i.e., XXXXR), diffusible 
hydrogen (Le., XXXX H16, H8, etc.). and supplemental 
impact testing (i.e., XXXX-1 or EXXXXM), are speci- 

thickness of the test coupon. 

and single-welded butt joints with backing or double- 
welded butt joints. Consumable inserts that coriform to' fied on the WPS,  only filler metals which confonn 
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to the classification with the optional supplemental 
designatofls) specified on the WPS shall be used. 

QW-40434 A change in flux type (Le.. neutral to 
active or vice versa) for multilayer deposits in P-No. 
1 materials. 

QW-40435 A change in the fluxlwire classification 
or a change in either the elecnode or flux trade name 
when not classified in an SFA specification. Requalifica- 
tion is not required when a winlflux combination 
conforms to an SFA specification and a change is made 
from one diffusible-hydGgen level to another (Le., a 
change from F7A2-EAl-AIH4 to RA2-EAl-AlH16). 

QW-404.36 Where flux from recrushed slag is used, 
it shall be tested in accordance with Section 11, Part 
C by either the manufacturer or user, or qualified as 
an unclassified fiux in accordance with QW-404.9. 

QW-40437 A change in the composition of the 
deposited weld metal from one A-Number in QW-442 
to any other A-Number, or to an analysis not listed 
in the table. Each AWS classification of A-NO. 8 or 
A-No. 9 analysis of QW-442. or each nonferrous alloy 
in QW432, shall require separate WPS qualification. 
A-Numbers may be determined in accordance with 
QW304.5. 

QW-40438 A change in the nominal electrode diame- 

QW-40439 For submerged-arc welding and electro- 
slag welding, a change in the nominal composition or 
type of flux used. Requalification is not required for 
a change in flux particle site. 

QW-404.40 A change in the nominal cross-sectional 
area of the electrodes or supplementary filler metal of 
more than 10%. 

QW-404.41 A change of more than 1096 in the 
powdered metal feed rate recorded on the PQR. 

QW-404.42 A change of more than 5% in the panicle 
size range of the powder. 

QW-404.43 A change in the powdered metal particle 
size range recorded on the PQR. 

ter used for the first layer of deposit. 

QW-404.44 A change from a homogeneous powdered 
metal to a mechanical mixed powdered metal or vice 
vena. 

QW-404.45 A change in the form of filler metal 
from solid to fabncated wire. ffuxcoredwirr, powdered 
metal, or vice versa. 

3-44 

QW-404.46 A change in the powder feed rate range 
qualified. 

QW405 Positions 
QW-405.1 The addition of other welding positions 

than those already qualified. See QW-120, QW-130, 
and QW-303. 

QW-405.2 A change from any position to the vertical 
position uphill progression. Vertical-uphill progression 
(e&, 3G, 5G, or 6G position) qualifies for all positions. 
In uphill progression, a change from smnger bead to 
weave bead. This limitation does not apply when a 
WPS is qualified with a PWHT above the upper uansfor- 
mation temperature or when an austenitic material is 
solution annealed after welding. 

QW-4053 A change from upwak to downward, or 
from downward to upward, in the progrrssion specified 
for any pass of a vertical weld, except that the cover 
or wash pass may be up or down. The root pass may 
also be run either up or down when the root pass is 
removed to sound weld metal in the preparation for 
welding the second side. 

QW-405.4 Except as specified below, the addition 
of other welding positions than already qualified. 

(a )  Qualification in the horizontal, venical, or over- 
head position shall also qualify for the flat position. 
Qualification in the horizontal fixed position. 5G, shall 
qualify for the Rat, vertical, and overhead positions. 
Qualification in the horizontal. vertical. and overhead 
positions shall qualify for all positions. Qualification 
in the inclined fixed position. 6G. shall qualify for all 
positions. 

(b) A fabricator who does production welding in a 
particular orientation may make the tests for procedure 
qualification in this particular orientation. Such qualifi- 
cations are valid only for the positions actually tested, 
except that an angular deviation of 2-15 deg. is 
permitted in the inclination of the weld axis and the 
rotation of the weld face as defined in QW-461.1. A 
test specimen shall be taken from the test coupon in 
each special orientation. 

(c )  In the vertical position. a change in the progrrs- 
sion of travel from uphill to downhill, or vice versa. 

QW-406 Preheat 

QW-406.1 A decrease of more than 100°F in the 
preheat temperature qualified. The minimum tempera- 
ture for welding shall be specified in the WPS. 
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QW406.2 A change in the maintenance or reduction 
of preheat upon completion of welding prior to any 
required postweld heat treatment. 

QW-4063 An increase of more than 100°F in the 
maximum interpass temperature recorded on the PQR. 
This limitation does not apply when a W P S  is qualified 
with a PWHT above the upper transformation tempera- 
ture or when an austenitic material is solution annealed 
after welding. 

QW-406.4 A decrease of more than 100°F in the 
preheat temperature qualified or an increase in the 
maximum interpass temperature recorded on the PQR. 
The minimum temperature for welding shall be specifed 
in the WPS. 

QW-406.5 A change in the maintenance or reduction 
of preheat upon compleuon of spraying and prior to 
fusing. 

QW-406.6 A change of more than 106 in the 
amplitude or number of preheating cycles from that 
qualified. 

QW-407 Postweld Heat Treatment 

QW-407.1 A separate PQR is required for each of 
the following conditions. 

(a )  For P-No. 1. P-No. 3, P-No. 4, P-KO. 5 ,  P-NO. 
6, P-No. 9, P-No. 10, and P-No. 11 materials. the 
following postweld heat treatment conditions apply: 

(I) K O  PWHT; 
(2) PWHT below the lower transformation temper- 

ature; 
(3)  PWHT above the upper vansformation temper- 

ature (e.g.. normalizing): 
( 4 )  PWHT above the upper transformation temper- 

ature followed by heat treatment below the lower 
transformation temperature (e.g., normalizing or quench- 
ing followed by tempering); 

(5 )  PWHT between the upper and lower transfor- 
mation temperatures. 

(b)  For all other materials, the following postweld 
heat treatment conditions apply: 

(I) No PWHT; 
(2) PWHT within a specified temperature range. 

QW-4072 A change in the postweld heat treatment 
(see QW-407.1) temperature and time range requires 
a PQR. 

The procedure qualification test shall be subjected 
to PWHT essentially equivalent to that encountered in 
the fabrication of production welds, jncluding at least 
80% of the aggregate times at temperature($). The 

PWHT total time(s) at temperature(s) may be applied 
in one heating cycle. 

QW-407.4 For test coupon (PQR) receiving a post- 
weld heat treatment in which the upper transformation 
temperature is exceeded, the maximum qualified thick- 
ness for production welds is 1.1 times the thickness 
of the test coupon. 

QW-4075 A separate PQR is required for each of 

(a )  No PWHT; 
(b) A change of more than 10% in the number of 

post heating cycles following the welding interval; 
(c)  PWHT within a specified temperature and time 

range if heat treatment is performed separately from 
the welding operation. 

the following conditions: 

QW-407.6 A change in postweld heat treatment 
condition in QW-407.1 or an increase of 2 5 8  or more 
in total time at postweld heat treating temperature. 

QW-407.7 A change in the heat treatment temperature 
range qualified if heat treatment is applied after fusing. 

QW-408 G ~ s  

QW308.1 The addition or deletion of trailing 
shielding gas and/or a change in its composition. 

QW-408.2 A change from a single shielding gas to 
any other single shielding gas or to a mixture of 
shielding gases. or a change in specified percentage 
composition of shielding gas mixture. or omission of 
shielding gas. 

QW-4083 A change in the specified flow rate range 

QW-408.4 A change in composition and flow rates 

of the shielding gas or mixture of gases. 

of orifice gas and shielding gas. 

QW-4085 The addition or deletion of gas backing. 
a change in backing gas composition, or a change in 
the specified flow rate range of the backing gas. 

QW-408.6 Any change of environment shielding 
such as from vacuum to an inert gas, or vice versa. 

QW408.7 A change in the type of fuel gas. 

QW-408.8 The omission of inen gas backing except 
that requalification is not required when welding a 
single-welded butt joint with a backing strip or a 
double-welded butt joint or a fillet weld. 'This exception 

_ -  does not apply to P-No. 5X, P-No. 6X. and P-No. 101 
-metals. - _. 
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QW-408.9 For groove welds in P-No. 4X and all 
welds of P-No. 5X. P-No. 6X. P-No. 101, P-No. IOJ. 
and P-No. IOK metals. the deletion of backing gas or 
a change in the nominal composition of the backing 
gas from an inert to a mixture including non-inert 
g a s W  

QW-408.10 For P-No. 101. P-No. 5X. and P-No. 
6X metals. the deletion of trailing shielding gas, a 
change in the trailing gas composition, or a decrease 
of 10% or more in the trailing gas flow rate. 

QW-UO8.11 The addition or deletion of one or more 
of the following: shielding gas, trailing shielding gas, 
backing gas, or plasma-removing gas. 

QW408.12 A change of more than 5% in the flow 
rate of one or more of the following: shielding gas, 
trailer shleiding gas, bachng gas, and plasma-removing 
gas. 

QW-408.13 A change in the position or orientation 
of plasma-removing gas jet relative to the workpiece 
(e.g., coaxial transverse to beam). 

QW-408.14 A change in the oxygen or fuel gas 
pressure beyond the range qualified. 

QW-soS.15 In gas metal-arc welding and gas tung- 
sten-arc welding: a change from a single gas to any 
other single gas or to a mixture of gases, or vice versa; 
a change in specified percentage composition of gas 
mixture or omission of shielding gas; a decrease of 
109 or more in the rate of flow of shielding gas or 
mixture. 

QW-408.16 A change of more than 5% in the flow 
rate of the plasma-arc gas or powdered metal feed gas 
recorded on the PQR. 

QW-4OS.17 A change in the plasma-arc gas, shielding 
gas. or powdered metal feed gas from a single gas to 
any other single gas, or to a mixture of gases, or vice 
versa. 

QW-soS.18 A change of more than 10% in the gas 
mixture composition of the plasma-arc gas, shielding 
gas. or powdered metal feed gas recorded on the PQR. 

QW-408.19 A change in the nominal cornposition 
of the powder feed gas or (plasma-= spray) plasma 
gas qualified. 

QW-408.3 A changeof more than 5% in the plasma 
gas Row rate range qualified. 

QW-409 Electrical Chancteristics 

QW-409.1 An increase in heat input. or an increase 
in volume of weld metal deposited per unit length of 
weld, over that qualified. The increase may be measured 
by either of the following: 

(u) Heat input (Jlin.) 

Voltage x Amperage x 60 
Travel Speed (in. / min) 

- - 

(b) Volume of Weld Metal = an increase in bead 
size or a decrease in length of weld bead per unit 
length of electrode. 

The requirement for measuring the heat input or 
volume of deposited weld metal does not apply when 
the WPS is qualified with a PWHT above the upper 
transformation temperature or a solution anneal after 
welding austenitic materials. 

QW-409.2 A change from spray arc, globular arc, 
or pulsating arc to short circuiting arc, or vice versa. 

QW-4093 The addition or deletion of pulsing current 
to dc power source. 

QW-409.4 A change from ac to dc, or vice versa; 
and in dc welding, a change from svaight polanty to 
reverse polarity, or vice versa. 

QW-4095 A change of 2 1 5 %  from the amperage 
or voltage ranges in the qualified WPS. 

QW-409.6 A change in the beam current of more 
than 2 5 %  voltage of more than ~ - 2 % .  welding speed 
of more than 22%. beam focus current of more than 
2 5 % .  gun-to-work distance of more than 2 5 % .  or a 
change in oscillation length or width of more than 
220% from those previously qualified. 

QW-409.7 Any change in the beam pulsing frequency 
duration from that qualified. 

QW-409.8 A change in the range of amperage, or 
except for SMAW and GTAW welding, a change in 
the range of voltage. A change in the range of electrode 
wixe feed speed may be used as an alternative to 
amperage. 

QW409.9 A change in the arc uming of more than 
5 x 0  Sec. 

QW-409.10 A change in amperage of more than 
It 1096. 

QW-409.11 A change m the power source from one 
model to another. 
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QW-409.12 A change in type or size of tungsten 
elecmde. 

QW-409.13 A change in the shape or dimensions 
of the welding elecuode; a change from one RWMA 
(Resistance Welding Manufacturer’s Association) class 
electrode material to another. 

QW-409.14 Addition or deletion of upslope or down- 
slope cumnt control. or a change of more than 10% 
in the slope current time or amplitude. 

QW-409.15 A change of more than 5% in the 
electrode pressure, the welding current, or the welding 
time cycle from that qualified, except that requalification 
is not required if there is a change of not more than 
10% in either the electrode pressurr or the welding 
current or the welding time cycle, provided the re- 
maining two variables remain at the values qualified. 
A change from ac to dc or vice versa. The addition 
or deletion of pulsing current to a dc power source. 
When using pulsing dc current a change of more than 
S% in the pulse amplitude, width, or number of pulses 
per cycle from that qualified. 

QW-409.16 A change from synchronous to asynchro- 
nous timing. 

QW-409.17 A change in the power supply pnmary 
voltage or frequency, or in the transformer turns ratio, 
tap setting, choke position, secondary open circuit volt- 
age or phase conwl setting. 

QW-409.18 A change in the procedure or frequency 
of tip cleaning. 

QW-409.19 Any change in the beam pulsing fre- 
quency and pulse duration from that qualified. 

QW-409.20 Any change in the following variables: 
mode of operation (from pulsed to continuous or vice 
versa), energy distribution across the beam (Le., 
multimode or gaussian), lens focal length, and lens 
focal distance. 

QW-40921 Any change in the following variables: 
wattage of more than 296, welding speed of more than 
2%. spot size of more than 2%. and lens to work 
distance of more than 5%. 

QW-409.22 An increase of more than 10% in the 
amperage used in application for the first layer. 

QW-409.U A change of more than 10% in the 
ranges of amperage or voltage qualified. 

QW-409.24 A change of more than 10% in the filler 
wire wattage recorded on the PQR, Wattage is a funstion- - 

-_ 
of cumnt voltige, and stickout dimension: - 

QW-409.25 A change of more than 10% in the 
plasma-arc current or voltage recorded on the PQR. 

QW-409.26 For the first layer only, an increase in 
heat input of more than 10% or an increase in volume 
of weld metal deposited per unit length of weld of 
more than 10% over that qualified. The increase may 
be measured by either of the following: 

(a) Heat input (1 /in.) 

Voltage x Amperage x 60 

Travel Speed (in. I min) 
- - 

(b) Volume of Weld Metal = an increase in bead 
size or a decrease in length of weld bead per unit 
length of electrode. 

QW-410 Technique 

QW-410.1 A change from the stringer bead technique 
to the weave bead technique, or vice versa. 

QW-410.2 A change in the nature of the flame, 
oxidizing to reducing, or vice versa. 

QW-4103 A change in the orifice, cup, or nozzle 
size. 

QW-410.4 A change in the welding technique, fore- 
hand to backhand, or vice versa. 

QW-4105 A change in the method of initial and 
interpass cleaning (brushing, grinding. etc.) 

QW410.6 A change in the method of back gouging. 

QW-410.7 A change in width, frequency. or dwell 
time of oscillation, for machine or automatic welding 
only. 

QW-410.8 A change in the contact tube to work 
distance. 

QW-410.9 A change from multipass per side to 
single pass per side. This limitation does not apply 
when a WPS is qualified with a PWHT above the 
upper transformation temperature or when an austenitic 
material is solution annealed after welding. 

QW-410.10 A change from single electrode to multi- 
ple electrode, or vice versa, for machine or automatic 
welding only. This limitation does not apply when 
a WPS is qualified with a PWHT above the upper 
transformation-temperature or- when an austenitic mate- 
rig is solution annealed after welding: -- 
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QW-410.11 A change from closed chamber to out- 
of-chamber conventional torch welding in P-No. 5X 
metals, but not vice versa. 

QW-410.12 A change from the melt-in technique to 
the keyhole technique of welding, or vice versa or the 
inclusion of both techniques though each has been 
individually qualified. 

QW-410.14 A change in the angle of the axis of 
the beam relative to the workpiece. 

QW-410.15 A change in the spacing of muluple 
electrodes for machine or automatic welding. 

QW-410.17 A change in the type or model of the 
welding equipment. 

QW-410.18 An increase in the absolute pressure of 
the vacuum welding environment beyond that qualified. 

QW-410.19 Any change in filament type, size. or 
shape. 

QW-410.20 The addition of a wash pass. 

QW-410.21 A change of welding from one side to 
welding from both sides. or vice versa. 

QW-410.22 A change in either of the following stud 
welding parameters: a change of stud gun model; a 
change in the lift more than Z!'3z in. 

QW-410.25 A change from manual or semiautomatic 
to machine or automatic welding and vice versa. 

QW-410.26 The addition or deletion of peening 

QW-410.27 A change in the rotational speed produc- 
ing a change in the outside surface velocity (ft/min) 
greater than I 10% of the outside surface velocity 
qualified. 

QW-410.28 A change in the thrust load (ib) greater 
than 210% of the thrust load qualified. 

QW-410.29 A change in the rotational energy (lb- 
ft?) greater than 2 10% of the rotational energy qualified. 

QW-41030 Any change in upset dimension (overall 
loss in length of parts being joined) greater than Z 10% 
of the upset qualified. 

QW-41031 A change in the method of preparing 
the base metal prior to welding .(e.g.. changing from 
mechanical cleaning to chemicai cleaning or to abrasive 
cleaning. or vice versa). 

QW-41032 A change of more than 10% in the 
holding pressure prior to-or after welding. A change 
of more than 10% in the electrode holding time. 

QW-41033 A change from one welding type to 
another, or modification of equipment, including Manu- 
facturer, control panel, model number, electrical rating 
or capacity, type of electrical energy source. or method 
of applying pressure. 

QW-410.34 Addition or deletion of an electrode 
cooling medium and where it is used. 

QW-41035 A change in the distance between m s  
or a change in the throat depth. 

QW-41037 A change from single to multiple pass 
or vice versa. 

QW-41038 A change from multiple-layer to single 
layer cladding /hardsurfacing, or vice versa. 

QW-41039 A change in the torch type or tip size. 

QW-410.40 For submerged-arc welding and elecuo- 
slag welding, the deletion of a supplementary device 
for controlling the magnetic field acting on the weld 
puddle. 

QW-410.41 A change of more than 15% in the 
travel speed range recorded on the PQR. 

QW-410.42 The addition or elimination of oscillation 
of the plasma torch or filler wires; a change from 
simple harmonic to constant velocity oscillating motion 
or vice versa; a change of more than 10% in oscillation 
displacement recorded on the FQR; however, a proce- 
dure qualified using a minimum oscillation displacement 
and a procedure qualified using a maximum oscillation 
displacement shall qualify for all weld bead oscillations 
in between, with all other essential variables remaining 
the same. 

QW-410.43 For the torch or workpiece. a change 
of more than 10% in the travel speed range qualified. 

QW-410.44 A change of more than 15% in the 
spray-torch to workpiece distance qualified. 

QW-410.45 A change in the method of surface 
preparation of the base metal to be hard-faced (example: 
sandblasting versus chemical cleaning). 

QW-410.46 A change in the spray-torch model or 
tip orifice size. 

QW-410.47 A change of more than 10% in the 
fusing temperature range qualified. A change in the 
rate of cooling from the fusing temperature of more 
than 50DF/hr, a change in the fusing method (example: 
torch. furnace, induction). 

QW-410.48 A-change in &e constricted arc from 
transferable to nontransferable or vice versa. 
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QW-410.49 A change in the diameter of the plasma 
torch-arc constricting orifice. 

QW-410.50 A change in the number of electrodes 
acting on the same welding puddle. 

QW-410.51 ?he addition or elimination of oscillation 
of the electrode or electrodes. 

QW-410.52 A change in the method of delivering 
the filler metal to the molten pool. such as from the 
leading or trailing edge of the torch, the sides of the 
torch, or through the torch. 

QW-41052 
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QW-416 
WELDING VARIABLES 

Welder Performance 

Gas .7 i 6 Type fuel gas X I 
8 1 - Inert backina I X X X QW-408 - . - .~.  I I 1 

Electrical .2 Transfer mode X 

4 , 6 Current or polarity ! x  QW-409 

Welding Processes 
FGW 
SMAW 
SAW 
GMAW 
GTAW 
PAW 

Legend 
6 Change 

Addition - Deletion 

Gas welding (fuel gas welding) 
Shielded metal-arc welding 
Submerged-arc welding 
Gas metal-arc welding 
Cas tungsten-arc welding 
Plasma-arc welding 

t Thickness 
f Uphill 
I Downhill 

NOTES 
(1) For description, see Section 1v. 
(2 )  Flux-cored arc welding as shown in QW-355, with or without additional shielding from an externally supplied gas or gas mixture, IS included. 
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QW-420 Material Groupings 

QW-420.1 P-Numbers 
To reduce the number of welding and brazing proce- 

dure qualifications required. base metals have been 
assigned P-Numbers, and for femus base metals which 
have specified impact test requirements. Group Numbers 
within P-Numbers. These assignments are based essen- 
tially on comparable base metal characteristics. such as 
composition. weldability, brateability, and mechanical 
properties, where this can logically be done. These 
assignments do not imply that base metals may be 
indiscriminately substituted for a base metal which was 
used in the qualification test without consideration 
of compatibility from the standpoint of metallurgical 
properties, postweld heat treatment, design, mechanical 
properties. and service requirements. Where notch 
toughness is a consideration. it is presupposed that the 
base metals meet the specific requirements. 

Base Metal 

S[eel and steel 
alloys 

.Alumnurn and alu- 
mnum-base 
alloys 

Copper and cop- 
per-base alloys 

Nickel and nickel- 
base alloys 

Titanium and tita- 
nium-base alloys 

Zirconium and zir- 
conium-base 
Jloys 

Welding 
P-So. I through P- 

No I I incl. P- 
$0 SA. 5B. and 
5c 

P-No. 2s 
P-No. 21 throush 

P-No. 31 through 

P-No. 41 through 

P-No. SI through 

P-No. 61 through 

P-No. 35 

P-No. 41 

P-KO. 53 

P-SO. 62 

Bming 

P-NO 101 through 
P-'io 103 

P-No 104 and P- 
No 105 

P-No 107 and P-No 

P-No 110 throush 
I08 

P-so 112 
P-KO 115 

P-No 117 

When a base metal with a UNS number designation 
is assigned a P-Number, then a base metal listed in a 
different ASME material specification with the same 
UNS number shall be considered that P-Number. For 
example, SB-163, UNS NO8800 is P-Number 45; there- 
fore, all ASME specifications listing a base metal with 
the UNS NO8800 designation shall be considered P- 
Number 45 (Le., SB-407, SB-408, SB-514, etc.) whether 
or not these specifications are listed in QW-422. Since 
a minimum tensile value is required for procedure 

qualification. only base metals listed in QW-422 may 
be used for test coupons as defined in QW-424. 

In those instances where materials in the 1971 Edition 
of this Section have been given different P-Numbers 
or assigned to Subgroups within a P-Number in the 
1974 Edition of this Section, those procedure and 
performance qualifications will continue to be valid 
based on the new P-Number designation. 

In the column heading "Minimum Specified Tensile, 
ksi" of QW-422, the values given are those of the 
base metal specification, except as otherwise identified 
in the table notes. These are also the acceptance values 
for the room temperature tensile tests of the welding 
procedure qualification, except as otherwise allowed in 
QW-153. 

QW-420.2 S-Numbers (Non-Mandatory) 

S-Numbers are a listing of materials which are accept- 
able for use by the ASME B31 Code for Pressure 
Piping, or by selected Boiler and and Pressure Vessel 
Code Cases, but which are not included within ASME 
Boiler and Pressure Code Material Specifications (Sec- 
tion 11). These materials are grouped in S-Number 
groupings similar to the P-Number groupings. There 
is no mandatory requirement that S-Numbers be used. 

Brazing or Welding Procedure Qualification with a 
base metal in one P-Number, or P-Number plus Group 
Number, qualifies for all other base metals in the 
same S-Piumber grouping. Qualifications for S-Number 
materials do not qualify corresponding P-Number mate- 
rials. Base metals not assigned an S-Number or a P- 
Number shall require individual procedure qualification. 

However, if a base metal with a UNS number 
designation is assigned an S-Number, then a base metal 
listed in a different material specification with the same 
UNS number shall be considered that S-Number. Since 
a minimum tensile value is required for procedure 
qualification, only base metals listed in QWlQB-422 
may be used for test coupons. 

For Perfonnance Qualification of brazers, welders, 
brazing operamrs, and welding operators, the require- 
ments for P-Numbers of base metals shall also be 
applied to the same S-Numbers of base metals. Qualifi- 
cation with P-Numbers in accordance with QB-310.3 
and QB-403.18 qualifies for corresponding S-Numbers 
and vice versa. 
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QW/QB-422 (CONT'D) 

NOTES: 
(1) See QW-153.l(a), fb), and (d). 
(2) Tensile value is expected minimum. 
(3) Some of the indicated product forms are not normally produced in all t h e  sizes indicated; for more specific coverage, see applicable tables of 

(4) Specified minimum tensile strength is for full-thickness specimens that include cladding. 
(5)  Specified minimum tensile strength is for spccimms taken from the core. 
(6) For copper and copper-base alloys, the acceptance value for the tensile test of the welding procedure qualification shll be that given for the 

(7) C10200 - oxygen free; C10400, C10500, C10700 - oxygen free, silver bearing; C12000 - deoxidized, low phosphorus; C12200 - 
(8) Values in parentheses are not designated in the respective SB documents and are the acceptance values far qualification using T4 or T6 

Section 11, Part B. 

base metal in the anmaled condition. 

deoxidized, high phosphorus; C12300 - deoxidued, phosphorized, silver bearing; C14200 - deoxidized, phosphorized, arsenical. 

temper base metal and tested in the as-welded condition. 
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0 
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QW-423 Alternate Base Materials for Welder 
Qualification 

QW-423.1 Base material used for welder qualification 
may be substituted for the P-Number material specified 
in the WPS in accordance with the following. 

Base Medfs )  for 
Welder Qualification 

P-NO. 1 through P-NO. 11 or 
P-NO. 4X 

P-NO. 21 through P-NO. 3 
P-No. 34 or P-No. 42 
P-No. 5x or P-No. 6x 

Qualified Production 
Base M c W s )  

P-NO. 1 -ugh P-NO. 11. 
P-No. 4X and unassigned 
metals of similar chemi- 
cal composition to these 
metals 

P-NO. 21 through P-NO. 25 
P-No. 34 and P-No. 42 
P-No. 5x and P-No. 6x 

QW424 Base Metals Used for Procedure 
Qualification 

QW-124.1 Base metals are assigned P-Numbers in 
QW-322; metals which do not appear in QW-422 are 
considered to be unassigned metals except as otherwise 
defined in QW-420.1 for base metals having the same 
UNS numbers. Unassigned metals shall be identified 
in the WPS and on the PQR by specification, type 
and grade. or by chemical analysis and mechanical 

properties. The minimum tensile strength shall be de- 
fined by the organization which specified the unassigned 
metal if the tensile strength of that metal is not defined 
by the material specification. 

Base Mecal(s) Used for 
h e d u n  Qualification 

One metal from a P-Numkr to 
any metal from the same P- 
Number 

One metal from a P-Number 10 
any metal from any orher P- 
Number 

One metal from P-No. 3 to any 
metal from P-No. 3 

Oh metal from P-No. 4 to any 
metal from P-No. 4 

One metal from P-No. 5A to 
any metal from P-No. SA 

One metal from P-No. 5A. P- 
No. 3, or P-No. 3 to a metal 
from a lower P-No. 

Any unassigned metal to the 
same unassigned metal 

Any unassigned metal to any P- 
Number metal 

coupon 

Any unassigned metal to any 
other unassigned metal 

Bare Metals Qualified - 
Any metals assigned that P- 

Number 

Any m e a  assigned the first P- 
Number to any metal assigned 
the second P-Number 

Any P-NO.3 mtal to any metal 
from P-No. 3 or P-No I 

Any P-No. 4 metal to any metal 
from P-Nos 4. 3. or 1 

Any P-No. 5A metal to any 
metal from P-Nos SA. 4. 3, 
or 1 metals 

Any P-No 5A. P-No 3.  or P- 
No.3 metal to any metal as- 
signed to any lower P-NO. 

The unassigned metal to i d f  

The unassigned metal to any 
metal assigned to the same p- 
Number as the qualified metal 

The first unassigned metal to 
the second unassigned metal 
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QW-430 F-NUMBERS 
QW-431 Geoenrl 

The following F-Number grouping of electrodes and 
welding rods in QW-432 is based essentially on their 
usability characteristics, which fundamentally determine 
the ability of welders to make satisfactory welds with 
a given filler metal. This grouping is made to reduce 
the number of welding procedure and performance 
qualifications, where this can logically be done. The 
grouping does not imply that base metals or filler metals 
within a group may be indiscriminately substituted for 

a metal which was used in the qualification test without 
consideration of the compatibility of the base and filler 
metals from the standpoint of metallurgical properties, 
postweld heat treatment design and service requirements, 
and mechanical properties. 

QW-432.1 Steel and Steel Alloys 
QW-432.2 Aluminum and Aluminum-Basc .Alloys 
QW-432.3 Copper and Copper-Base Alloys 
OW-432.4 Nickel and Nickel-Base Alloys 
QW-432.5 Titanium and Titanium Alloys 
OW-432.6 Zirconium and Zirconium Alloys 
OW-432.7 Hard-Facing Weld Metal Overlay 

QW-432 

Grouping of Electrodes and Welding Rods for Qualification 
F-NUMBERS 

ow F-NO. ASME Specification No. AWS Classification No. 

432.1 1 
1 
2 
3 

S t n l  and Steel Alloys 

SFA-5.1 CL 5.5 
SFA-5 4 

SFA-5.1 & 5.5 
SFA-5.1 & 5.5 

E X X  20, E X X  22, E X X  24 E X X  27 EXX 28 
EXX 25, E X X  26 
E X X  12, E X X  ;3, E X X  i 4  E X X  19 
E X X  10, E X X  11 

432.2 

432.3 

4 

4 

5 

6 
6 
6 

21 
22 

23 

24 

3 1  
3 1  
3 1  

E X X  15, E X X  16, E X X  18, E X X  48 
E X X  15, E X X  16, E X X  17 

SFA-5 1 d, 5 5 
SFA-5 4 other than austenitic ana duplex 

SFA-5 4 (austenitic and duplex: E X X  15, E X X  16, E X X  17 

SFA-5.2 
SFA-5.17 
SFA-5.9 
SFA-5.18 

SFA-5.20 
SFA-5.22 
SFA-5.23 

SFA-5.25 
SFA-5.26 
SFA-5.28 
SFA-5.29 
SFA-5.30 

Aluminum and Aluminum-Base AIIOYS 

SFA-5.10 
S FA-5.10 

SFA-5.10 

SFA.5.10 

SFA-5.6 
SFA-5.7 
SFA-5.27 

Copper and Copper-Base Albys 

RX 

ERXX 
F X X - E X X  

E R X X S - X  E X X C - X ,  E X X C - X X  

EXXT-X 
E X X X T - X  
F X X - E X X X - X .  F X X - E C X X X - X ,  and 

F X X - E X X X - X N ,  F X X - E C X X X - X N  
F E S X X - E X X X X X - E W  
EGXXS-X and E G X X T - X  
ERXXS-X and E X X C - X  
EXXTX-X 
I N  X X X X  

119 

ER 1100 
E R  5554, ER 5356, ER 5556, ER 5183, 

ER 5654 
ER 4009, E R  4010, E R  4043, E R  4047 

ER 4145, R 4009, R 4010, R4011 
R-A350.0 

ECU 
ER Cu 
ER t u  - 
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QW-432 1995 SECl7ON IX 

QW-432 
F-NUMBERS (CONT'D) 

Grouping of Electrodes and Welding Rods for Qualification 

F-NO. ASME Specification No. AWS Classification No. QW 

Copper and Copper-Base Albys (Cont'd) 

432.3 32 
32 
32 

432.4 

33 
33 

34 
34 
34 

35 
33 
35 
35 

36 
36 
36 
36 
36 

37 
37 
37 
37 

4 1  
41  
4 1  

42 
42 
42 

43 
43 
43 
43 
43 
43 
43 
43 
43 

SFA-5.6 
SFA-5.7 
SFA-5.27 

SFA-5.6 
SFA-5.7 

SFA-5.6 
SFA-5.7 
SFA-5.30 

SFA-5.27 

SFA-5.6 

SFA-5.7 

SFA-5.6 

SFA-5.7 

Nickel and Nickel-Base Alloys 

SFA-5.11 
SFA-5.14 
SFA-5.30 

SFA-5.11 
SFA-5.14 
SFA-5.30 

SFA-5.11 
SFA-5.11 
SFA-5.11 
SFA-5.11 
SFA-5.11 
SFA-5.11 
SFA-5.11 
SFA-5.11 
SFA-5.14 

ECuSi 
ER CuSi-A 
ER CuSi-A 

ECuSn-A, ECuSn-C 
ER CuSn-A 

ECuNi 
ER CuNi 
IN 67 

RB CuZn-A 
RB CuZn-B 
RB CuZn-C 
RB CuZn-D 

ECUAI-A2 
ECUAI-B 
ER CUAI-A1 . 
ER CUAI-A2 
ER CUAI-AS 

ECuNiAl 
ECu M n Ni AI 
ER CuNiAl 
ER CuMnNiAl 

E Ni-1 

IN 61 

E NiCu-7 
ER NiCu-7 
IN 60 

E NiCrFe-1 
E NiCrFe-2 
E NiCrFe-3 
E NiCrFc4 
E NiCrCoMo-1 
E NiCrMo-2 
E NiCrMo-3 
E NiCrMo-6 
ER NiCr-3 

ER Nt-1 

- .  

1 20 
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QW-432 

QW-432 

Grouping of Electrodes and Welding Rods for Qualification 
F-NUMBERS (CONT'D) 

AWS Classification No. F-NO. ASME Specifmtlon No. 
QW 

Nkkd and Niekd-BU AllOfi (Cont'd) 

43 
43 
43 
43 
43 

432.4 

432.5 

432.6 

43 
43 
43 

44 
44 
44 
44 
44 
44 
44 

44 
44 
44 
44 
44 
44 
44 

45 
45 
45 
45 
45 
45 
45 
45 

51 
52 
53 
54 

6 1  

SFA-5.14 
SFA-5.14 
$,FA-5.14 
SFA-5.14 
SFA-5.14 

SFA-5.30 
SFA-5.30 
SFA-5.30 

SFA-5.11 
SFA-5.11 
SFA-5.11 
SFA-5.11 
SFA-5.11 
SFA-5.11 
SFA-5.11 

SFA-5.14 
SFA-5.14 
SFA-5.14 
SFA-5.14 
SFA-5.14 
SFA-5.14 
SFA-5.14 

SFA-5.11 
SFA-5.11 
SFA-5.11 
SFA-5.14 
SFA-5.14 
S FA-5.14 
SFA-5.14 
SFA-5.14 

SFA-5.Lb 
S F A-5.16 
SFA-5.16 
SFA-5.16 

SFA-5.24 

Titanium and Titanium AllW 

Zirconium and Zirconium Alloys 

ER NiCrFe-5 
ER NiCrFt-6 
ER NiCrCoMO-1 
ER NiCrMO-2 
ER NiCrMo-3 

I N  82 
I N  62 
I N  bA 

E NiMo-1 
E NiMo-3 
E NiMo-7 
E NiCrMo-O 
E NiCrMo-5 
E NiCrMO-7 
E NiCrMo-10 

ER NiMo-1 
ER NiMo-2 
ER NiMo-7 (Alloy B-2) 
ER NiCrMo-4 
ER NiCrMo-5 
ER NiCrMo-7 (Alloy c-4) 
ER NiCrMo-10 

E NiCrMo-1 
E NiCrMo-9 
E NiCrMo-11 
ER NiCrMo-1 
ER NiFeCr-1 
ER NiCrMo-8 
ER NiCrMo-9 
ER NiCrMo-11 

ERTi-1, ERTi-2, ERTi-3, ERT1-4 
ERTI-7 
ERTi-9, ERTI-9ELI 
ERTi-12 

ER 2r2 
ER Zr3 
ER 2r4 

Hard-Facing Weld Metal Overlay 

RXXX-X, EXXX-X 
RXXX-X 

71 SFA-5.13 
SFA-5.21 

432.7 
72 

121 
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QW433 

Qualified With + F-NO. 1 F-NO. 1 F-NO. 2 F-NO. 2 F-NO. 3 F-NO. 3 F-NO. 4 
With Without With Without With Without With 

Qualified For 1 Backing Backing Backing ’ Backing Backing Backing Backing 

Backing 
F-No. 1 Without 
Back i ng 

F-No. 1 With X X X X X X X 

x i  
;-NO. 2 With 

1995 SECTION 1X 

F-NO. 4 
Without 
Backing 

X 

QW-433 

X X X 
Back mg 

Back I ng I 

Backing 

Backing 

X F-No. 2 Without I 

F-No. 3 With 1 X 

F - N O .  3 Without ! 

I 

I I I I 
1 i 

QW-433 Alternate F-Numbers for Welder 
Performance Quaiificatioo 

The foIlowing tables identify the filler metal or 
electrode that the welder used during qualification test- 
ing as “Qualified With,” and the electrodes or filler 
metals that the welder is qualified to use in production 
welding as “Qualified For.” See QW-432 for the F- 
Number assignments. 

x i x \ x  

j I 

I 

x i x l x  

X 

I 
I 

Backing I I i F-No. 4 With 

Qualified With 

Any F-NO 5 
Any F-NO. 6 

Any F-No. 21 through F-No. 24 
Any F-No. 31 through F-No. 37 

X X I I 

Any F-No. 41 through F-No. 45 

Any F-No. 51 through F-No. 54 

Any F-No. 71 through F-72 
Any F-NO. 61 

I 

Oualified For 

j i F-No. 4 Wi:hout 
Backing 

~ 

All F-NO. 5 
All F-NO. 6 [Note (I)] 
All F-No. 21 through F-No. 24 

Only the same F-Number as was 
used during the qualificltion 
test 

All F-No. 41 through F-No. 45 

All F-No. 51 through F-No. 54 

Only the same F - N u m h  as was 
w d  during the qualification 
test 

All F-NO. 61 . 

I X  I 
I 
I 

Note (1): Deposited weld metal made using a bare rod not covered 
by an SFA Specification but which conforms to an analysis listed 
in OW-442 shall be considered to bc classified as F-NO 6. 
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I 

QW-UO DATA - VARIABLES 

QW40 WELD METAL CHEMICAL 
COMPOSITION 

Q W 4 1  General 

Identification of weld metal chemical compositi n 
designated on the PQR and WPS shall be as given in 
QW-404.5. 

Q W 4 Z  

QW-442 

Classification of Ferrous Weld Metal Analysis for Procedure Qualification 
A-NUMBERS 

Types of Weld 
Deposit C Cr Mo Ni Mn si A-NO. 

1 Mild Steel 0.15 . . .  . . .  . . .  1.60 1.00 

Carbon-Molybdenum 0.15 0.50 0.40-0.65 . . .  1.60 1.00 2 

0.40-2.00 0.40-0.65 . . .  1.60 1.00 
0.15 2.00-6.00 0.40-1.50 . . .  1.60 2.00 

Chrome (6% t o  lO.S%)-Motybdenum 0.15 6.00-10.50 0.40-1.50 . . .  1.20 2.00 

3 Chrome (0.4% t o  2%)-Molybdenum 0.15 
4 Chrome (2% to b%)-MolyWenurn 
5 

ChromtMartcnsitic 0.15 11.00-15.00 0.70 . . .  2.00 1.00 6 

ChromtFcrritic 0.15 11.OC-30.00 1.00 . . .  1.00 3.00 7 

8 ChromiumNickel 
9 Chromiu+N ickel 

0.15 14.50-30.00 4.00 7.5G15.00 2.50 1.00 
0.30 25.00-30.00 4.00 15.00-37.00 2.50 1.00 

10 Nickel t o  4% 0.15 . .  0.55 0.80-4.00 1.70 1.00 

: 1 Manqanesc-Molybdenum 0.17 . . .  0.25-0.75 0.85 1.25-2.25 1.00 

:2 Nickei-ChromeMolybdenum 0.15 1.50 0.25-0.80 1.25-2.80 0.75-2.25 1.00 

~- - 
NOTE: 
(1) Single values shown above are maximum. 
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DATA - SPECIMENS 
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QW-4513, QW151.4 1995 SECTlON IX 

QW-451 Procedure Qualification Thickness Limits and Test Specimens (Cont’d) 

QW-451.3 
FILLET-WELD TESTS’ 

Type and Number of Tests 
Required IQW-462 4(a) or QW-462.4(d)l Thickness of Test 

TYW of Macro Joint Coupons as Wekid, in. Range Qualifd 

5 Fillet Per QW-462.4Cal All fillet sizes on all base 
metal thicknesses and all 
diameters 

4 
Fillet Per QW-462.4(dl 

c\;OTE. 
(1) D.&c:lon asse-lbly nockups may be substituted in accordance with QW-181.1 1 When production assembly mockups are used, range 

suallfled shall be llmlted to the f i l let  sizes, base metal thicknesses, and configuratlon of the mockup 

QW-451.4 
FILLET WELDS QUALIFIED BY GROOVE-WELD TESTS 

Thickness T of Test 
Coupon (Plate or P i p )  Type and Number of Tests 

as Welded Range Qualified R q u i n d  

All groove tests All fillet sizes on all base Fillet welds are qualified when 
the groow weld IS q w l i f i d  

QW-451.1 or QW451.2 (see 

metal thicknases and ail 
diameters in accordance with either 

QW-202.2) 

. , .  
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DATA - SPECIMENS QW-452, Q W 4 2 . l  

* 
W r/ I- 

X 

2 

Y n 

2: 
:x p 

; E %  
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QW-4522, QW-4523 1995 SECTION IX 

QW-452 Performance Qualification Thickness Limits and Test Specimens (Cont'd) 

Q W -4 52 -2 
LONGITUDINAL-BEND TESTS 

Type and Number of Tests Rquired 
(Guided-Bend Tats) 

[Note (2)l 
Thickness t of Deposited 
Weld Metal Qualifd, in. 

Thickness 
Test Coupon Face Bend Root Bend 

TYW of Welded, in. [Note (311 [Note WI 
Jotnt [Note (111 Max. QW-4623(b) Q W 4 6 2 3 b )  

Groove Up t o  I/,, incl. 2 t  1 1 
Groove Over 3/, 2t  1 1 

NOTES: 
(11 When using one, two, or more welden, the thickness t of the deposited weld metal for each welder with each process shalt be determined 

( 2 )  Thickness of tes t  coupon of y. in. or over shall be used for qualifying a combinatior. of three or more welders, each of which may use the 

(3)  Face- and root-bend tests may be used t o  qualify a combination test of: 

and used individually in the Thickness column. 

same or a different welding process. 

(a )  one welder using two welding processes; or 
( b )  two welders using the same or a different welding process. 

QW-452.3 
GROOVE-WELD DIAMETER LIMITS1.* 

Outside Diameter 
Qualified, i n .  Outside Diameter 

of Test Coupon, in. Mtn. Max. 

Less than 1 Size welded U ni irnited 

1 to  less than 2 ' i ,  1 U nl irn tted 

2'h and over 2 7!B Linlirnited 

NOTES: 
(1) Type and number of tests required shall be in accordance with 

( 2 )  27/s in. O.D. i s  the equivalent of NPS 2'/:. 
QW-452.1. 
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DATA - SPECIMENS QW -452.4-QW -452.6 

QW-152 Performance Qualification Thickness Limits and Test Specimens (Cont’d) 

QW-452.4 
SMALL DIAMETER FILLET-WELD TEST”* 

Outside Diameter Minimum Outside Diameter Thickntss 
of Test Coupon, in. Pualified, in. Qualified 

Less than 1 Size welded All 

1 t o  less than 2% 1 All 

27, and over 2 ’h All 

NOTES: 
(11 Type and number of tests required shall be in accordance with QW-452.5 
( 2 )  2’,8 in. O.D. is considered the equivalent of NPS 2%. 

QW-452.5 
FILLET-WELD TEST’ 

Type and Number of Tats 
Required CQW462.4(b) or PW-462.4(c)l Thicltness of 

Test Coupon as 
Type of Joint Welded, in. Range Qualified Macro Fracture 

Tee fillet %b - % All base material thicknesses, 1 

Less than YIb 7 t o  2T  base material thickness, I 

fillet sizes. and diameters 
2% 0.D and over (1) 

T maximum fillet size, and all 
diameters 27, 0.D and over (1) 

NOTE 
(1) 2’1. in. O.D. is considered the equivalent of NPS Z‘,,. For Smaller diameter qualifications, refer to QW-452.4 or QW-452.6. 
i 2 i  Production assembly mockups may be substituted in accordance with QW-161.2.1 When production assembly mockups are used, range 

qualifted Shall be limited to the fillet sizes, base metal thicknesses, and configuration of the mockup. 

Q W -452.6 
FILLET QUALIFICATION BY GROOVE-WELD TESTS 

Thickness of Test Coupon Type and Number of Tests 
Type of Joint as Welded, in. Range Qualifd Required 

Any groove All thicknesses All base material thicknesses, Fillet welds are qualified when a 
mlder/welding operator quali- 
fies on a groove weld test 

fillet sues, and diameters 
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QW-453 

Thick- of T 6 t  
coupon (rj 

procedun auitftutlon 
Testing 

Less than 1 inch 

1 nc? and over T 

Performance 
Quallflutlm 
Testing 

1595 SECTION IX 

Corrosion Resiturn [Note (111 
Overlay 

N o m i ~ l  Base Metal Type & Number of 
Thickms Qualified (I) Tests required 

Notes ( 4 1  (51, and (91 I T gualhed to unlimited 

1 inck to unlimited 

QW-453 
PROCEDU RUPERFORMANCE QUALIFICATION THICKNESS L1 MITS AND TEST 

RESISTANT OVERLAYS 
SPECIMENS FOR HARD-FACING (WEAR RESISTANT) AND CORROSION 

Less than 1 inch T 

I inch and over T 

Note (61 I T qbalified to unlimited 

1 Inch to unlimited 

Type L Number 
of Tcsu Required 

Nominal Brre Metal 
lhi incsr  Qualified ( T )  

Notes: 13). 171. 18). and 19) I Tpualificd up to 1 Inch 

1 inch t o  unlimited 

T qualified to unlimited 

1 inch t o  unlimited 
Notes I81 and (101 

~ 

NOTES 
(1) The gualification test couwn shall consist of bax .metal 1ot ICSS than 6 in x 6 in The weld overlay cladding shall be a minimum of I1l1 in wide by 

approxrmately 6 in long For OulliflCatiOn on Pipe the Pipe lmpth shall be a minimum of 6 i n ,  and a minimum Oiamcter t o  allow the muired Wmbcr 
of test specimens The weld overlay shall be continuous around the circumference of the test coupon For processes (performance gualification only1 dcDositinp 
a weld kd width greater than ' 

metal coupon shall have minimum dimensions of 6 in wide x amroximately 6 in long with a hard-faced layer a minimum of 1i'2 in wick 
x 6 in long T h e  minimum hard-faced thickness shall be as sDccified in the Welding Procedure Specification Aiternatively, the gualification may be 
performed on a test base metal coupon which represents the size Of the proouction pan For gualification on pip,  the pipe lmqth shall be 6 in minimum, 
and of a minimum diameter 10 allow the rmuired number Of lest specimens The weld overlay shall be continuous around Vn circumference Of the test 
c9upon 

\ 3  The hard-facing surface shall be examined by the liouid penttmt method and shal meet the acceptance standuds as specified in the WPS Surface 
condltioninq prior to liquid penetrant examination is  permitted 

: I ,  The corroston resistant surface shall be exdmined by the llguld penetrant method and shall meet the acceptance stanbards as specified in Q W - I 9 5  
[ s i  Following the liguid penetrant examination, four guided sidt-bend tests shall be made from the test coupon in accordance with QW-161 The test Spccimms 

shall be cut so that thew are either two IDCCimM parallel and two specimens wrpmdicular to the direction of the welding, or four 5~ecimns prpmdrculu 
10 the direction of the welding For coupons which are ICSs than I/. in thick, the width of the side-bend specimens may be reduced 10 the t h i c k m  Of 
the 1st coupon T h e  si*-bend specimens shall be removed from locations specified in OW-462 5LcI or OW-462 5(d) 

(61 The test coupon shall be sectioned to make side-bend test specimens Dewcndicular to the oirection of the welding in accordance with QW-161 Test 
m ~ ~ m c n s  shall be rcmovec at locations specified in OW-462 Sic' or QW-462 3 6 )  

(71 After ~ r f a c e  conditioning to the minimum thrckms Specified in the WPS, a minimum of th re  hardness readings Ihall be made on each of the IpCclmCm 

from the locattens shown in OW-462 S(c) or OW-462 5(C) 
(8) The b m  meul shall be sectioned transverxly to the direction of the hard-facing overlay The two faces of the hard.facing exposed By xctionim) shall 

be pol~skd and etched with a suitable etchant and shall be visually examined with xS mapnificacion for craclrs in the bax metal or tkc heat affected 
zone, lack of fusion, or other linear defects The overlay and the bas metal shall meet the rcguircrnena specif& in the WPS AH expoud f u a  shall 
be examined 

(9) chemical analysis specimens shall be removed at IOCatiOnS wecified in oW-462.5(bl or QW-462.5tel The chemical ahalys~r shall be perfwmed in accordance 

(101 At a thickness greater than or q u a l  to the minimum thickness specified In the wPS, the weid surface shall be examined by the ltguid penetrant me~hod 

In wde, the weld overlay shall consist of a minimum of three weld beads in the first layer 
( 2 ,  The test 

with QW-462 %dl 

and shall meet the acceptance standards as smcified in the WPS Surface conditioning prior to liguid penetrant examination is permatted 
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e 
DATA - GRAPHICS 

QW-461 Positions (Cont’d) 

QW-461.3 GROOVE WELDS I N  PLATE - TEST POSITIONS 

Id 1G R o o n d  

QW-461.4 GROOVE WELDS I N  PIPE - TEST POSITIONS 

. 

IC) 3F (dl 4F 

QW-461.5 FILLET WELDS I N  PLATE - TEST POSITIONS 
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QW461.6 

3-96 

I / 
I 

/ 

1995 SECTION IX 

QW-461 Positions (Cont’d) 

4s d.0. 

b \  I I t  @ 
(b) 2F 

Id) 4F (01 5F 

QW-461.6 FILLET WELDS IN PIPE - TEST POSITIONS 
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DATA - GRAPHICS 

QW461 Positions (Cont’d) 

QW-461.7, QW41.8 

(21 2s 

QW-461.7 STUD WELDS - TEST POSITIONS 

315 deg. - 45 deg. 

135 dcg. 

- 
135 dcg. - 225 dcg 

QW-461.8 STUD WELDS - WELDING POSITIONS 
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qw41.9 1995 SECTION IX 

QW-461 Positions (Cont’d) 

QW-461.9 
PERFORMANCE QUALIFICATION - POSITION AND DIAMETER LIMITATIONS . -. -. - . 

(Within the Other Limitations of QW-303) 

Position a d  Trpc Weld Qualified [Note (I)] 

Groove Fillet Qual i fa t ion Test 

Pipe Plate Plate and Pipe and Pipe 
Position Over 24 in. O.D. 24 in. 0.0. W M  

F F [Note (211 F 

F, H 
F,H.V 
F.H,O 

All 
All 

SP,F 

Plate - Groove 1 G  
2G 
3G 
4G 

3G and 4G 
ZG, 3G. and 4C 

F.H F,H [Note (2)1 
F,V F [Note (2)1 
F.0 F [Note (2)1 

F.V,O F [Note (211 
All F,H [Note (2)1 

SP,F SP,F Special Positions (SP) 

1F 
2F 
3F 
4F . . .  

3F an6 4F 

. .  . . .  F [Note (2)l 
Plate - Fillet . . .  F,H [Note (211 

. . .  
F.H,V [Note (2)1 

. . .  F,H,O [Note ( Z ) ]  

SP,F [Note (2)l 

. . .  . . .  

. . .  . . .  All [Note ( Z ) ]  
. . .  Special Positions (SP) . . .  

F F F 

F.V.0 
F,H 

Pipe - Groove [Note (3)1 1 G  
2G F.H 

All 
56 

All bG 
All All 2G and 5 6  

F.H 
F,V,O. All 

All 
All 

SP,F 

F 
F. H 
F.H 

F,H.O 
All 

SP,F 

Special Positions (SP) SP.F SP,F , 

. . .  . . .  Pipe - Fillet [Note (3)1 I F  
2F 

2FR 
4 F  
5F 

. . .  
. . .  . . .  
. . .  . . .  
. . .  . . .  
. . .  Special Positions (SP) . . .  

NOTES: 
(1) Positions of welding as shown in QW-461.1 and QW-461.2. 

F = Flat 
H x: Horizontal 
V = Vertical 
0 = Overhead 

(2) Pipe 2% in. 0.0. and over. 
(3) See diameter rcStrictions in QW-452.3, QW-452.4, and w-452.6 .  
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QW-462 DATA -GRAPHICS QW-462.W 

QW-462 Test Specimens 

m e  purpose of the QW-462 figures is to give the 
manufacturer or contractor guidance in dimensioning 
test specimens for tests required for procedure and 
performance qualifications. Unless a minimum, maxi- 
mum, or tolerance is given in the figures (or as QW- 
150, QW-160, or QW-I80 requires), the dimensions 

are to be considered approximate. All welding processes 
and filler material to be qualified must be included in 
the test specimen. 

x = coupon thickness including reinforcement 
y = specimen thickness 
T = coupon thickness excluding reinforcement 

W = specimen width, ?14 in. 

Weld reinforcement shall be 
machined flush wirh base 
metal Machine minimum 
amount to obtain approx 
parallel surfaces 

IO extend into grip 
eaual to rwo-thirds 

IS permitted prior 

reinforcement 

These edges may 

Parallel length equals 
widesz width of weld 

preferably by milling 

QW-462.l(a) TENSION - REDUCED SECTION - PLATE 
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1995 SECITON IX 

QW-462 Test Specimens (Cont'd) 

------- -------- 
\ j 
- *4 - - - - - - - - -  

I 
Grind or nuchine the minimum 

amount needed to obt8in plme 
paralbl facer over fhe nducod 
section W No more material 
thm is  nee- to perform the 

- - - - - - - 2 
1 

I 

I I 
I I /  

I On ferrous mrrrria~ 
I these edges may be 

thermally cut. 
S I  

5 l o i n  orasrequid 

Edge of w&st 
face of weld 

1/4 in 114 in. 

This section machined 
preferably by milllng 

QW-462.l(b) TENSION - REDUCED SECTION - PIPE 

1 I 
1-1/16 in. Edge of widest face of weld 

NOTES: 
(1 I The weld reinforccmcnt shall be ground or mach id  so thit 

the weld thickness does not exceed the bne metal fhickness 
f. Machine minimum amount to Obt8in approximately par. 
dlel surfaces. 

(2)fhe reduced section shall not be less than the wdth of the 
weld plus 2v. 

' QW462.l(c) TENSION - REDUCED SECTION 
ALTERNATE FOR PIPE 

138 
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DATA - GRAPHICS QW462.I(d), Q W462.l(e) 

QW-462 Test Specimens (Cont'd) 

Standard Dimomionr. in. 

(el (dl (bl 
O.1Q .prcimm (8) 

0.545 Sp.dnwn 0.353 Sp.rimm 0 . t Y  Sp.ei- 

A - Length of reduced SUCtloO [Note (ill [Note Ill1 [Note (01 [Note (1)l 

0 - Diameter 1 !8. min. 
R - Radius of fillet 
8 - Length of end saction 1 I4 
C - Diamaef of end section 

GENERAL NOTES: 
(ai Use maximum diameter spcamen (a). (b). IC). or (d) that can be cut from the section 

0.500 :O.OlO 0.350 r0.007 0.250 :om5 0.188 r0.003 
3/8. min. 114, min. 3!16. min. 
1-318, approx. 1.1 18. approx. 7 18.  approx. 1/2.  appror. 
3i4 112 318 

(b l  Weld should be in center of rcduccd section. 
(c l  Where only a single coupon is required the center of the specimen should be midway bemeen the Surfaces 
(d) The ends may be of any shape to fit the holders of the testing machine in such a way tha1 the road IS applied axially 

NOTE: 
(1) Reduced section A should not be less than width of weld plus 20 

QW-462.l(d) T E N S I O N  - R E D U C E D  SECTION - T U R N E D  S P E C I M E N S  

Plug 

testing 

Weld reinforcement shall be 
rnachoncd flush with base metal. 

\ 
\ 

QW-462.l(e) TENSION - FULL SECTION - SMALL 
D I A M E T E R  P I P E  

139 
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I 

OW422, if r h .  surfwrr of the side band mt rpaonwns are ips cut, 
poadun ml i f ia t ion  of mmrials other than P-No 1 in b) F 

monl by rmchining w grinding of not 1 8 s  than 118 in from the 
surface shall be nquind. 

QW462.2 

w (in.) 
T, in Y .  in 

. F N o  23* 23.or All mct.ls other 
318 to 1-1 I2, T P-NO 35 

incl. 

1995 SECTION IX 

118 

[Note I111 1 18 I1 b) Such remom1 IS not required for P-NO. 1 matarcats. bur my > 1-112 
resulting rouphness shall be dressed by muhining or grinding 

QW-462 Test Specimens (Cont’d) 

3i8 

3 18 

GENERAL NOTE. 
Weld reinforamcnt and backing st r ip  or backing ring. if any, m y  br 
removcd flush nnth the surfaac of the r~.cimso. Thermal cuntng, 
machining, or grinding may be m p l o y ~ d .  Cold nmiphnning IS Par- 
mitted prior to removal of the mnforcmwnt. 

R, , IB In ma. 

W 

3-1 02 

NOTE: 
( 1  ) When specmen rhtckncss T excrcdr 1-1 /2 in , use OM of the fol- 

lowing 
(a) Cut specimen into multiple test specimens y of .pprortmamly 

equal dimensions (3/4 in to 1-1 12 in ) 

y = tested specimen thickness h e n  multiple specintens are 
taken from one couwn 

(bl The specimen m y  be bent at full width Srr requirements on 
jig width in ClW466.1 

QW-462.2 SIDE BEND 
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DATA -GRAPHICS 

QW-462 Test Specimens (Cont’d) 

i n  or a5 1-112 in. 1 
R = 118 in. rnax L--. required - Y .  in. I I I 

NOTES: 
(1 1 Weld reinforcement and k k i o g  mip or b a k i n g  rinp, i f  any, 

shall be removed flush wi th  the surfwe of the specimen. If 8 

recessed ring is urd. this s u r f r e  of the soecimen mey be 
machined to  a depth not exceeding the depth of the recess to 
remuve the ring, except that in such c8ses the thickness of 
the finished specimen shall be that specified &OW. Do not 
flamecut nonferrous materiel. 

(2) I f  the pipe being tested is 4 in. nominal diameter or I-. the 
width of the bend rpecimen may be 314 in. for piw diarne- 
ters 2 in. to  and including 4 in. The b o d  specimen width 
may be 318 in, for pipe diameters less then 2 in. down to  and 
including 318 in. and as an alternative. if the pipe being tnrrd 
is equal to or less than 1 in. nominai DiPe size (1.315 in. 
0. D.1, the width of the bend specimens may be that obtained 
by  cutting the pipe into quarter .sections. Icu qn allowance 
for saw cuts or m x h i n e  cutting. There specimens cut into 
quarter sections are not rwuind to  hme one S U ~ W  ma- 
chin& flat as shown in OW462.3(a). Bend spJ2Ctmms t D b n  

f rom tubing of comBarable sizes may be handlcd in a similar 
manner. 

QW-462.3(a) FACE AND ROOT BENDS - TRANSVERSEL2 

!1116<1/8 

1 I8 318 

NOTE 
(1) Weld reinforcements and backing strip or backing ring if any. 

Shall be :emoved essentially flush with the undisturbed surface 
of the base material It d recessed strip is used this surface of 
the specimen may be machined to a depth no! exceeding the 
depth of the recess to remove the strip. except that in such cases 
the thickness of the finished specimen shdll be that specified 
above 

QW-462.3(b) FACE AND ROOT BENDS - LONGITUDINAL’ 

3-103 



Q W -462.4(4), QW 462.40)) 1995 SECIION IX 

metal 

QW-462 Test Specimens (Cont'd) 

Ti 

Ti l/, in. and less 
Over V, in. Equal to or less than 7, 

but not less than 'I, in. 

rm Size of fillet = thickness 
than 

- 
Mwr0.T-t Sp.ciNn 

T1 VU 
TL-6 in mln 

GENERAL NOTE 
Macro test - The fillet shall show fusion at 
the roo1 of the weld but not neCCfSarllV 
bevond the root The weld metal and heat 
affected zone shall be free of cracks 

QW-462.4(a) FILLET WELDS - PROCEDURE 

3 in. 
min. 

L 
GENERAL NOTE: Refer to OW-452.5 for T thicknesdqualifi- 
cation ranges. 

QW-462.4(b) FILLET WELDS - PERFORMANCE 

142 
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DATA - GRAPHICS 

QW-462 Test Specimens (Cont’d) 

Q W -462.4W 

t 
Base merai thickness 2 T 

GENERAL NOTE Elther pipe-to-plate or pipe.to-pipe may be used as shown 

FILLET WELDS IN PIPE - P E R F O R M A N C E  

113 
3-1 05 



QW462.44 I995 SECIION IX 

QW-462 Test Specimens (Cont’d) 

T = mll thickness 

Quarter section - 
Macro specimen 
(4 required) 

Stan and stop of weld 
near center of specimen 

Max. fillet slze = T 

Base metal thickness 5 T 
Wall thickness > f 

GENERAL NOTES: 
(1) Either pipe-teplate or pipe-to-pipe may be used as shown. 
(2) Macro lest: 

(a) The fillet shall show fusion a1 the root of the weld but no: necesurily beyond the root. 
(b) The weid metal and the has: affected zone shall be free of cracks. 

QW-462.4(d) FILLET WELDS IN PIPE - PROCEDURE 

144 
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QW-463.l(a) PLATES - LESS THAN YG IN. 
THICKNESS PROCEDURE QUALIFICATION 

I II I 

Order of Removal 

Rduchdactlon 

I Discard I this piece 

specimen 

d 

Discard - 

QW-463.l(b) PLATES - 3/a IN. AND OVER 
THICKNESS AND ALTERNATE FROM 3/8 IN. BUT 

LESS THAN Y4 IN. THICKNESS 
PROCEDURE QUALIFICATION 

QW-463.1(~) PLATES - LONGITUDINAL 
* PROCEDURE QUALIFICATION 

155 
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Root band 

1995 SECTION IX 

QW-463 Order of Removal (Cont’d) 

Horizontal plane 
(when pipe is  wldd 

K 
in horizontal 
f i x d  position) 

Reduced SCctlQn 
tensile 

Fscc bend 

R o o t  bend 

QW-463.l(d) PROCEDURE QUALIFICATION 

Side bend SI& bend 

Horizontal plane 
(when pipe is ~mlded 

in horizontal f i x 4  

QW-463.l(e) PROCEDURE QUALIFICATION 
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QW-463 Order of Removal (Cont'd) 

0 dcg. 
10dcg.--\ I r 10deg 

QW-463.l(f) NOTCH-TOU GH NESS TEST S PECI M EN LOCATION 

157 
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QW463.2(a) PLATES - LESS THAN X, IN. 
TH IC KN ESS PERFORMANCE QUALIFICATION 

QW463.2(b) PLATES - ?’, IN. AND OVER 
THICKNESS AND ALTERNATE FROM Y8 IN. BUT 

LESS THAN ’4 IN. THICKNESS 
PERFORMANCE QUALIFICATION 

Longitudinal 
facebend 
specimen 

Longitudinal 
root -bend 
specimen 

QW-463.2(~) PLATES - LONGITUDINAL PERFORMANCE QUALIFICATION 

158 
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QW-463 Order of Removal (Cont’d) 

Side bend Side bend 

Horizontal Piam 
Root bend 

Horizontal plane 

in 5G or 6G 

I Root bend 
Face bend 

QW -463.2(d) PERFORM AN C E QU ALI FIC ATION 

in 5G or 6G 
& W 4 S i d e  poritionl bend 

Side bend 

QW-463.2(e) PERFORMANCE QUALIFICATION 

QW-463.2(f) PIPE - 10 IN. ASSEMBLY PERFORMANCE QUALIFICATION 

159 
3-1 11 



1995 SECTION 1X 

QW-463 Order of Removal (Cont'd) 

22 112 deg ---c 

50 deg. 

45 Pipe In fixed vertical 

deg position for ZG tests 

GENERAL NOTE: 
When slde bend Iests are made in accordance wrlh QW.452  1 and QW.452 3.  
they shall be removed as shown In QW-463 Z(yl tn PIJqe of thC' IJCP and roo! Iwnd, 

QW-463.2(g) 6 IN. OR 8 IN. ASSEMBLY PERFORMANCE QUALIFICATION 

3-1 12 
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DATA - GRAPHICS 

QW-463 Order of Removal (Cont’d) 

90 dag. 

1 
Fracture specimen to be removed from lower 90 deg. 

section in position 5 f 

QW -463.2( h) PERFORM AN C E QUA LI F1 C AT1 0 N 

3-113 



QWsaS, QW-Saa.1 1995 SECIION IX 

QW-466 Test Jigs 
Tappcd hole to wit 
tening machine 

I 

314 in. -V 

3 

- 
3-718 in. 

Hardened rollers 1-112 in. diam. 
m y  be substitud for jig shoulders. 

Shoulders hndcned 
and greased 

Plunger 

1 R  in. 

1-118 in. 

Material 
Thicltncss of 
Soecimcn, in. A, in B, in C, in. 0, in. 

P.No. 23 to P-No. 2X; P.NO. 2X with F-No. 23; P-No. 3 5 ;  118 2-1/16 1-1!32 2-318 1-3/16 

P-No. X X  with F-No. 36 t = 118 or less 16-1/21 8.1141 16-1/21 1/16 9-1/41 1/32 

P-No. 11, P-NO 25 to P-No. 21 or P-No. 22 or P-No. 25 318 2.1i2 1.114 3-318 1.11:16 
1 = 318 or !ess 6-2:3! 3.1'3I 8-2.'3t + 1:8 4.1;3t * 1/16 

P.NO. 51 318 3 1.:12 3-718 i - 15'1 6 
I = 318 or less 81 41 :ct * 1,8 5: * 1.16 

318 3-314 1-7'8 4 - 5 a  2-5/16 
t = 318 or less 101 51 121 * ::E bt - l t lb  

AII others with greater than or wual to 20% elongation 310 1-112 314 2.318 1-3/16 
1 = 3/8 or less 41 21 61 + 118 3t  + 116 

All others with less than 2 0 %  elongation I = ( x e  Note b l  32-7/81. 16.7~161, 34-7/81 + 1 16. 17-7.161 4 1832 
rnax , mar max mar 

GENERAL NOTES: 
(a) For P-Numbers, sre QW422; for F-Numbers, ye QW-432 
(b) The dlmnsions of the test jig shall k U c h  dS t0 give the bend test spccimcn a cdtculatec pcrcmt outer 'h?r elongation wual to aI least that Of the bJK 

r r u t ~ i a l  with the lower minimum elongation as specified in the base material specification 

1001 
percent outer fikr elongation = - 

A - I  

The following formula i s  provided for convenience in calculating the bend specimen thickness 

A x percent elongation 

[loo - (percent elongation11 
thJCkntSS Of specimen (I1 = 

CCI For guided-bend jig configuration, KC QW-466 2, QW-466 3, and QW-466 4 

(dI The w i d  a m  heat affected zone, m the case of a transverse melo beno specimen, shall be completely within the bend porlion of tbe specimen after t n t w  
_ _  

QW-466.1 TEST JIG DIMENSIONS 
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DATA - GRAPHICS 

QW-466 Test Jigs (Cont'd) 

QW-4662 

NOTES 
(1: Erther hadene0 and greased shoulders or hardencd rollers free t o  rotate shall be used 
;2' The shoulderr or rollers shall have a minimum bcaring surface of 2 In for placement of the specimen The rollers shall be high enougP above the bottom of 

the JIQ SQ that the mcirnens will clear the rollers when the ram is  in the IOW position 
( 3 '  The ram SMII be fitted wlth an appropriate base and provision made for attachment t o  the testing machine and shall be of a sufficiently rigld dcslqn to 

prevent aeflectlon and misalignment while mating the bend test  The body of the ram may be less than the dimensions shown in column A 
* 

4; If desired, either the rollers or the roller supports may be made adju~table In the horizontal directaon SO that specimens Of 2 thickness m y  be tested on the 
same jig 

'51 The roller suppons shall be fttted With an appropriate base designed t o  afcguard against deflection or misalignment and eaulpped wlth means for malntalning 
tne rollers centered midpoint ana aliqned with respect to the ram 

Q W-466.2 G U I DED-B E ND R O L L E R  JIG 

163 
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QW-4663 1995 SECTION 1X 

QW-466 Test Jigs (Cont’d) 

T +  1/16 in. m8x. 

GENERAL NOES. 
(a) See Table QW-466.1 for jig dimensions and other general notes 
fb) Dimensions not shown are the optlon of the designer The essential consideration is to have adequate 

IC) The specimen shall be firmly clamped on one end IO that there IS no slidlng of the specimen during the 

id) Test spcclmens shall be removed from the Jig when the outer roll has been removed 180 deg from the 

rigidity so that the jig parts will not spring. 

bending operation 

naning point. 

QW-466.3 GUIDED-BEND WRAP AROUND JIG 

164 
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PART QW 

A-Numbers (listing) .......................... QW-422 

tension tcsts ................................ QW-153 
bend tests ................................ ? . QW-163 
notch toughness ............... QW-171.2, QW-172.2 
bend and hammer tests .................... QW-1922 
torque test ............................... .QW.192 .3 

Addenda (issuance of) ...................... .QW.100 .3 
requalification of procedures ............. .QW.lOO 3 

Aluminum alloys ............... QW-422.21-QW-422.25 
Austenitic stainless steels ................... .QW-422 .8 
AWS (reference to) ........................... QW-102 

Acceptance criteria 

. 

Backing @ertaining to performance 
qualifications) ..... .QW.303.2. QW303.3, QW310.2, 

Part IV - data .... QW-402.2, QW-402.3, QW-402.4, 
QW-402.5, QW-402.7 

definition .................................. QW-492 
Backing gas ...................... QW408.5, QW-408.8 
Base metals (definition) ...................... QWA92 

QW-310.3 

corrosion-resistance overlay cladding 

groove and fillet welds (pertaining to procedure 

stud welding .............................. .Q W.2023 
variable .................................... QW-403 

(pertaining to procedure qualification) .. .QW.21 4.1 

qualification) .................. QW-202.2, QW-211 

Carbon steels ............................... .QW-422 .1 
Combination of welding processes or procedures 

pertaining to performance qualification ..... QW-306 
Consumable inserts ........................ .QW-404 .22 
Copper (copper-base allays) ... QW-422.31-QW-422.35 
Corrosion-resistant overlay cladding (pertaining 

to procedure qualification) ................. QW-381 
Pertaining to performance qualification ..... QW-381 

Definitions ......................... .QW.l02, QW-490 
Description of Section IX ..................... QW-lo0 
Dimensions 

. performance qualification .............. .QW.31 0.2 

performance qualification .............. .QW.31 0.3 
of tension test specimen .................. .QW-46 2.1 
of bend test specimen ................... ..QW-46 2.2 
of test jigs .................................. QW-466 

qualification .............................. QW-212 

of welding groove with backing for 

of welding groove without backing for 

of groove welds for procedure 

Drawings (see Graphics) 

Electrical characteristics ...................... QW-409 
Electrogas welding (definition) ................ QW-492 

variables for procedure qualification ........ QW-259 

qualification) ............................... QW-215 
definition .................................. QW-492 
variables for procedure qualification ........ QW-260 
variables for performance qualification ...... QW-362 

Electroslag welding (definition) ............... QW-492 
variables for procedure qualification ........ QW-258 

Essential variables (performance) ........... .QW-40 1.2 
procedure ..................... QW-251.2, QW-401.1 

Etching ....................................... QW-470 

Electrobeam (pertaining to procedure 

Filler metals (pertaining to procedure 
qualification) ...................... QW.211. QW-404 

Fillet-weld tests ............................... QW-180 
Flat position (definition) ......... QW-121.1, QW-122.1, 

QW-131.1, QW-132.1 

F-Numbers (listing) ........................... QW-430 
Forms (suggested) ............. .Q W-482 (Appendix A) 
Fracture tests ................................. QW-182 
Full-section specimens ...................... .QW.15 1.4 

Flux ........................................ .QW-404 .9 
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1992 SECTION IX 

Gas .......................................... QW-408 
Gas tungsten-arc welding (definition) ......... QW-492 

variables for procedure qualification ........ QW-256 
variables for performance qualification ...... QW-356 

Gas welding (definition) ...................... QW-492 
variables for procedure qualification ........ QW-256 
variables for performance qualification ...... QW-356 

Graphics ..................................... QW-460 
test positions ............................... QW-461 

groove welds in plate .................... QW-461.3 
groove welds in pipe .................... QW-461.4 
fillet welds in plate .................... ..Q W-4615 
fillet welds in pipe .................... ..QW-46 1.6 
stud welds ............................. .QW-46 1.7 

test specimens .............................. QW-462 
tension - reduced section - plate .. .QW-46 2.l(a) 
tension - reduced section - pipe ... QW-462.l(b) 
tension - reduced section - pipe alternate ....... 
tension - reduced section - turned 

specimen ......................... .QW-46 2.l(d) 
tension - full section - small diameter 

pipe .............................. .QW-46 2.l(e) 
side bend .............................. .QW-46 2.2 
face and root bends transverse ...... .QW-46 2.3(a) 

fillet welds - procedure ............ .QW-46 2.4(a) 
fillet welds - performance .......... .QW-46 2.4@) 

corrosion-resistant overlay ............... QW-462.5 
composite test plates ................... .QW-46 2.6 
spot welds ................. .QW-462.8-Q W-46211 

plates - procedure qualification .... .QW-46 3.l(a) 
plates - procedure qualification alternate ......... 
plates - procedure qualification longitudinal ...... 
pipe - procedure qualification ...... .QW-46 3.l(d) 
pipe - procedure qualification alternate .......... 
pipe - notch toughness specimen location ........ 
plate - procedure qualification ...... QW-463.2(a) 
plate - procedure qualification alternate .......... 

longitudinal ........................ QWA6WC) 

.. 

QW-462.l(c) 

face and mot bends longitudunal .... .QW-46 2.3(b) 

fillet welds in pipe - performance ... QW-462.4(c) 
fillet welds in pipe - procedure ..... .QW-46 2.4(d) 

order of removal ........................... QW-463 

QW-463.1@) 

QW-463.l(c) 

QW-463.l(e) 

QW-463.l(f) 

QW-463.2@) 
plate - procedure qualification 

pipe - perf~nnance qualification ... .QW-46 3.2(d) 
e -  pipe . performance qualification alternate ........ 

QW-463.2(e) 
pipe . performance qualification 10 in . 

diameter ........................... QW463.2(f) 

pipe . performance qualification 6 in . or 

pipe - per€ormance qualification fillet weld ....... 
QW-463.2(h) 

test jigs ..................................... QW-466 

8 in . diameter ..................... .QW-46 3.2(g) 

guided.bend ............................ .QW-46 6.1 
guided-bend roller jig ; ................. .QW-46 6.2 
guided-bend wrap around .............. .QW-46 6.3 
stud weld bend jig ...................... .QW-46 6.4 
torque testing arrangement ............. .QW-46 6.5 
tensile test for studs .................... .QW46 6.6 

typical test joints ........................... QW-469 
butt jomt ............................... .QW-46 9.1 
alternative butt joint ................... .QW-46 9.2 

qualification) ............................. .QW.30 3.1 
with backing ........................... .QW.31 0.2 
without backing ........................ .QW.31 0.3 

Guided-bend jig ............................ .QW-46 6.1 
Guided-bend roller jig ...................... .QW-466 .2 

Guided-bend wrap around jig ............... .QW-46 6.3 

. .  

Groove welds (pertaining to performance 

Guided-bend test (see Tests) 

Hard-facing overlay (pertaining to procedure 
qualification) ............................... QW-216 

Horizontal position .............. OW-121.2, QW-122.2, 
QW-131.2, QW-132.2 

Identification of welders and welding operators ........ 
QW-301.3 

Joints ........................................ QW-402 

Limits of qualied positions 
procedures ................................. QW-203 
performance ..................... QW.303. QW-461.9 

Longitudinal bend tests .......... .QW.1615-QW.16 1.7 

Macro-Examination .................. QW.183. QW-184 
Mechanical tests ........ QW.141. QW-202.1, QW-302.1 
Multiple positions .... QW-122.3, QW-122.4, QW-132.4 

Nickel and nickel-base alloys ... QW-422.41, QW-422.47 
Nonessential variables ...................... .QW.25 1.3 
Notch-toughncss test .......................... QW-170 

Order of removal ............................. QW-463 
Orientation of welds ............... QW.110. QW-461.1 
Overhead position .... QW-121.4, QW-131.4, QW-132.3 

Performance qualification ..................... QW-300 
Performance qualification specimens .......... QW-452 
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INDEX 

Pipe. test welds in .......................... .QW.30 2.3 
Pipe positions ................................ QW-132 

variables for procedure ..................... QW-257 
variables for performance ................... QW-357 

Plate and pipe performance ...... .QW.303.1--QW.303 .4 
Plate and pipe procedure ..................... QW-211 
P - N u ~ ~ ~ I s  ........................ QW.2003. QW-422 
Positions of welds 

descriptions ..................... QW-1-W-123 
sketches andgraphics ........... QW-46o-Qw-461 

descriptions ..................... QW-130-QW-132 
sketches and graphics ........... QW-46O-QW-461 

for procedures ........................... QW-203 
for performance .......................... QW-303 

Positions variables ............................ QW-405 
Postweld heat treatment ...................... QW-407 
PQR ....................................... .QW.u) 1.2 

Procedure qualification ....................... QW-200 
Procedure qualification record ...... .QW.201. QW-483 
Procedure qualification specimens ............ QW-451 
Processes. combinations of ......... QW.2013. QW-306 
P~ SSS, special ........................... .QW.25 1.4 

Plasma-arc welding 

plate and pipe groove welds 

plate and pipe fillet welds 

limits of qualified positions 

Preheat ....................................... QW-406 

Radiography ............... QW.142, QW.143. OW-191 
acccptancc critcria ....................... .QW.19 1.2 
for performance qualification .... QW.302.2, QW-304 
retests and renewal of qualification ......... QW-320 

Records .................................... .QW.103 .2 
Record of welder or welding operator 

qualification tests ................ QW-301.4, QW-484 
Reduced-section specimens ...... QW-151.1, QW-151.2 
Renewal of qualification ...................... QW-322 
Requalification ............................... QW-350 
Responsibility of records .................... .QW.lO 3.2 
Responsibility of welding .......... QW-103.1. QW-201 
Retests ....................................... QW-321 

Scope of Section M .......................... QW-101 
Shielding gas ......... QW-408.1, QW-408.2, QW-408.3 

variables for procedure ................... QW-253 
variables for performance ................ QW-353 

Specimens .................................... QW-450 
Stud-weld bend jig .......................... .QW-46 6.4 

performance qualification specimens ........ QW-193 

QW-408.4, QW-408.6 
Shielded metal-arc welding 

Sketches (see Graphics) 

Stud welding 

positions ........... QW-123.1, QW-461.6, QW-461.7 

variables for procedure ..................... QW-261 
variables for performance ................... QW-361 

variables for procedure ..................... QW-254 
variables for performance ................... QW-354 

supplementary essential variables ........... OW-251.2, 

QW-461.8 
procedure qualification @mens .......... QW-192 

Submerged-arc welding 

QW-4013 

Tables 
Welding variables ................ .QW-415. QW-416 
P-Numbers ................................. QW-422 
F.N~mber~ ................................. QW-432 

. A-Numbers ................................. QW-442 
Procedure qualification specimens .......... QW-451 
Performance qualification specimens ........ QW-452 
Performance qualification position limitations ........ 

QW-461.9 
Technique .................................... QW-410 
Tension test .................................. QW-150 
Terms and definitions ............... .QW.102. QW-492 
Test assemblies ............................. .QW.30 1.1 
Test jigs ...................................... QW-466 
Test joints ....................... QW-469.1, QW-469.2 
Tests 

acceptance criteria 
bend and hammer ...................... .QW.192 .2 
fracture tests ............................. QW-182 
guided bend .............................. OW-163 
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notch-toughness tests 

C h q y  V.notch ...................... .QW.17 1.2 
drop weight .......................... .QW.17 2.2 

radiography ........................... QW-191.2.2 
tension ................................... QW-153 

torque test .................................. .QW.19 2.3 

fillet weld ................................ OW-180 
guided bend .............................. QW-160 
notch toughness .......................... QW-170 

Charpy V-notch ........................ QW-171 

description and procedure 

drop weight ............................ QW-172 
radiographic ............................. QW-191 
stud weld ................................ QW-192 
tension .......................... QW.150. QW-152 
tensile strength ......................... .QW.15 3.1 

for performance qualification .... QW-100.2, QW-301 
mechanical tests ........................ .QW.30 2.1 
qualification tests ...................... .QW.30 1.2 

for procedure qualification ...... QW-100.1, QW-202 
mechanical tests ........................ .QW.20 2.1 
test-joint preparation ..................... QW-210 
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test positions for groove welds ............ QW.lU, 
test positions for fillet welds .............. QW-130 
test positions for stud welds .............. QW-123 

fillet weld .............................. .QW.14 1.3 

notch toughness ........................ .QW.14 1.4 
drop weight .......................... .QW.l 72.1 

radiographic .................... QW.142. QW-143 
stud weld ............................... QW1415 
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Turned specimens .......................... .QW.15 1.3 
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electron beam welding (EBW) .............. QW-W 
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for welding operator ........................ QW-360 
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filler metals ................................ QW-404 

gas ......................................... QW-408 

QW-355 

QW-356 
general .................. QW.251. QW.351. QW-401 
joints ....................................... QW-402 
oxyfuel gas welding (OGW) ........ QW.252, QW-352 
performance essential variable table ........ QW-416 
plasma-arc welding (PAW) ....... .QW.259, QW-359 

postweld heat treatment (PWHT) ........... QW-407 

procedure essential variable table ........... QW-415 

stud welding ....................... QW.261. QW-361 
submerged-arc welding (SAW) ..... QW.254, QW-354 
technique .................................. QW-410 

Vertical position ................. QW-121.3, QW-1313 

positions ................................... QW-405 

preheat .................................... QW-406 

shielded metal-= welding (SMAW) (STICK) ....... 
QW.253, QW-353 

Welders and welding operators ...... QW.304. QW-305 
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tension test .................................. QB-153 
bend tests ................................... Q E163 
peel test ..................................... QB-172 

Addenda (issuance of) ....................... QB-1003 
requaliication of procedures .............. QB-1003 

AWS .......................................... QB-102 

Base metal .................................... QB-211 
Base metal . variables ........................ QM 
BPS ........................................... QB-482 
Brazers ........................................ QB-304 
Brazing operators .............................. QB-305 
Brazing processes .............................. QB-470 
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Definitions ........................... OB-102, QB-490 

F-N~mber~ .................................... QB-430 
Filler metal . variable ........................ QB-403 
Flat flow position .............................. QB-121 
Flow direction . variables ..................... QB-407 
Flow positions ................................. QB-461 
Flux and atmospheres (variables) .............. QB406 
Forms ......................................... Q B 4 0  

Graphics ...................................... QB460 
Guided bend test ................... QB-141.2, QB-160 

Horizontal flow position ....................... QBL124 

Jigs .......................................... QB-162.1 
Jigs . graphics ................................ QB-466 
Joints ................................ QB-210. QB-310 
Joint design . variables ....................... QB-408 

Longitudinal bend test ............ .QB.l613. OB-161.4 

Manufacturer's responsibiiity ................... QB-201 

Order of r e m d  . graphics .................. QB-463 
Orientation ........................... QB-110. qb41 

P-N~mber~  .................................... QB-420 
Peel test ............................ QB141.3, QB-170 
Performance qualiications ...... Article XIII. QB-100.2 
Performance qualification tests ............... QB-301.1 
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Position . graphics ........................... QB-sao 
PQR ............................... QB-201.2, QB-483 

procedure qualifications ......... Article XII. QB-100.1 
Preparation of test joints ....................... QB-210 

Records .......................... .QB-lO3.2, QB-301.4 

Renewal of qualification ....................... QB-322 
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for procedure qualifiaction ....... QB-202.1, QB-451 
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Variables 
base metal .................................. QB-402 
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INTERPRETATIONS 

NO. 44 - SECTION IX 

Replies to Technical Inquiries 
July 1,1998 through December 31,1998 

FOREWORD 

General Information 

This publication includes all written interpretations issued between the indicated dates by the ASME 
Staff on behalf of the ASME Boiler and Pressure Vessel Committee in response to inquiries concerning 
interpretations of the ASME Boiler and Pressure Vessel Code. A contents is also included which lists 
subjects specific to the interpretations covered in the individual volume. 

These interpretations are taken verbatim from the original letters, except for a few typographical 
and editorial corrections made for the purpose of improved clarity. In some instances, a review of the 
interpretation revealed a need for corrections of a technical nature. In these cases, a revised interpretation 
is presented bearing the original Interpretation Number with the suffix R and the original file number 
with an asterisk. Following these revised interpretations, new interpretations and revisions to them 
issued during the indicated dates are assigned Interpretation Numbers in chronological order. Interpretations 
applying to more than one Code Section appear with the interpretations for each affected Section. 

ASME procedures provide for reconsideration of these interpretations when or if additional information 
is available which the inquirer believes might affect the interpretation. Further, persons aggrieved by 
an interpretation may appeal to the cognizant ASME committee or subcommittee. As stated in the 
Statement of Policy in the Code documents, ASME does not “approve,” “certify,” “rate,” or “endorse” 
any item, construction, proprietyy device, or activity. 

An interpretation applies either to the Edition and Addenda in effect on the date of issuance of the 
interpretation or the Edition and Addenda stated in the interpretation. Subsequent revisions to the Code 
may supersede the interpretation. 

For detailed instructions on preparation of technical inquiries to the ASME Boiler and Pressure 
Vessel Committee, refer to Appendix A. 

Subject and Numerical Indexes 

Subject and numerical indexes have been prepared to assist the user in locating interpretations by 
subject matter or by location in the Code. They cover interpretations issued from Volume 12 up to 
and including the present volume, and will be updated with each volume. 



SECTION IX 

Subject Interpretation 

QW-150 and QW-462.1, Tension Test Specimens for Pipe and Plate . . . . . . . . . . . . . . . . . . . . . 
QW-200.1, Welding Procedure Qualifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
QW-300, Welding Performance Qualifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
QW-361.2, Machine Welding Variables for Welding Operators; and QW-381, Corrosion- 

Resistant Weld Metal Overlay . .. .. . . . . . . . . . . . . .. . . . ... . . .. .. .. .. .. . . .. .. .. . . .. .. . 
QW-405.3, Positions . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
QW-407.1, Post Weld Heat Treatment .. . . . . .. . . . . . . . . . . .  . . . . . .. .. . . .... . . .. .. .... .. . 

E-98-09 
M-98-13 
E-98-11 

E-98-14 
E-98-15 
M-98-10 

QW-451, Procedure Qualification Thickness Limits and Test Specimens.. . . . . . . . . . . . . .. . . , 

QW462.5(a), Chemical Analysis and Hardness Specimen Corrosion-Resistant and Hardfacing 

E-98-12 

Weld Metal Overlay . . . . ... .. . . . . .. . . . . . . . . . . . . . . . ... . . . ... . . . . .... . . .. . . .. .. . . . E-98-16 

File No. 
BC97-302 
BC98-239 
BC98-133 

BC98-447 
BC98-448 
BC97-306 
BC97-308 
BC98-237 
BC98-238 

BC98-453 
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IX-98-09, M-98-10, IX-98-11 Section IX - Interpretations No. 44 
nT- 

Interpretation: IX-9849 

Subject: 

Date Issaed: October 9, 1998 

Section IX, QW-150 and QW-462.1, Tension Test Specimens for Pipe and Plate 

File: BC97-302 

Question: Would tensile tests performed in accordance with SA-370 be acceptable for meeting 
ASME Section M, QW-462.l(a) and (b)? 

Reply: No. 

Interpretation: IX-98-10 

Subject: 

Date Issued: October 9, 1998 

Section IX, QW-407.1, Post Weld Heat Treatment 

File: BC97-306BC97-308 

Question: Is it the intent of Section M in QW-407.1 to permit reporting the results of more than 
one PWHT condition on a single report, with a single PQR number, provided all other applicable 
essential and supplementary essential variables are identical and all required tests are conducted and 
reported for both conditions? 

Reply: Yes. 

Interpretation: IX-98-11 

Subject: Section IX, QW-300, Welding Performance Qualifications 

Date Issued: October 9, 1998 

File: BC98-133 

Question: May Company A retain the Company B employee responsible for welder performance 
qualification to review the welder qualification documents of both companies and qualify the welders 
of Company B to the welding program of Company A without further testing of the welders? 

Reply: No. 
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Section M - Interpretations No. 44 IX-98-14, M-98-15 

Interpretation: I)<-98-14 

Subject: Section IX, QW-361.2, Machine Welding Variables for Welding Operators; and QW- 
38 1, Corrosion-Resistant Weld Metal Overlay 

Date Issued: December 22, 1998 

File: BC98-447 

Background A multiple layer corrosion-resistant weld metal overlay performance qualification 
(machine welding) is made with the first layer under Direct Visual control and the second layer Remote 
Visual control. 

Question (1): Is the welding operator qualified for both Direct and Remote Visual control techniques 
applied either in single or multiple layers? 

Reply (1): Yes. 

Question (2): For the qualification described in the background, may two welding operators qualify 
on one coupon, provided the requirements of QW-453 and QW-361.2 (which delineate the welding 
operators “limits of qualification” as per QW-306) are addressed? 

Reply (2): Yes. 

Interpretation: I)<-98-15 

Subject: Section E, QW-405.3, Positions 

Date Issued: December 22, 1998 

File: BC98-448 

Question: May a single-pass “seal weld” as defined in QW-492, used to seal boiler tubes to a 
boiler tube sheet, be considered a “cover pass” or a “wash pass” for purposes of exemption from 
QW-405.3? 

Reply: No. 

397 



Location 

Appendix C 
Code Case 2 141 
Q-11, 1971 Edition 

TI.*.. 

Q-11 (b)(3), 1971 
Edition, Winter 1973 
Addenda 

Q-11(5), 1971 Edition, 
Winter 1973 Addenda 
Section 11, Part C 

Part QB 
. . .  
QB-121 
QB-123 
QB-141.4 

QB-172 
QB-181 
QB-200.4 
QB-201.3 
48-203.1 
QB-402.1 

48-402.2 
QB-402.3 

QB-406.3 
QB-406.1 

QB-408.2 

QB-415 
QB-451.3 [Note (1 )I 
QB-452.1 [Note (111 
QB-461 
QB-462.1 (a) 
QB-462.l(b) 

QB-463 
, QB-466.3 

QB-482 
QB-484 

Part QW 

QB-462.1 (c) 

QW-100.1 

.._ QW-100.3 

Interpretation 

IX-92-98 
IX-92-82 
1x4342 
1x4341 

1x4340 

IX-89-97 
IX-92-2 7 
IX-92-61 
IX-92-94 
IX-92-99 

IX-86-73 
1X-92-86 
IX-92-86 
IX-83-76 
IX-98-01 
1X-89-74 
1X-83-76 
IX-89-103 
IX-86-2 1 
1x4642 
IX-92-74 
IX-92-93 
IX-83-136 
1x4349 
IX-83-118 
IX-83-118 
IX-86-11 
IX-86-22 
1x-92-83 
IX-98-01 
1X-83-76 
1x4642 
1x4949 
1x4949 
1x4941 
IX-83-76 
IX-86-38 
IX-89-93 
IX-89-93 

IX-83-17 
IX-89-03 
IX-83-99 

NUMERICAL 

File 
No. - 

BC94-23 6 
BC93-434 
BC81-704 
BC82-796 

. BC82-794 

BC90-873 
BC91-471 
BC92-422 
BC93-754 
BC93-762 
BC93-769 

BC86-332 
BC93 -65 5 
BC93-655 
BC83-248 
BC97-304 
BC90-429 
BC83-248 
BC91-096 
BC86-058 
BC85-292 
BC93-474 
BC93-752 
BC84-398 
BC82-871 
BC84-183 
BC84-183 
BC85-420 
BC85-531 
BC93-527 
BC97-304 
BC83-248 
BC85-292 
BC89-372 
BC89-372 
BC90-537 
BC83-248 
BC86-298 
BC90-783 
BC90-783 

BC82422 
BC88-166A 
BC83-472 

Cumulative Index - Interpretations Vols. 12-44 

Page 
No. 

32 7 
317 

6 
28 

- 

27 

250 
2 73 
304 
326 
327 
327 

159 
318 
31 8 
44 

383 
234 
44 

253 
126 
113 
313 
325 
87 
33 
78 
78 

116 
126 
31 7 
3 83 
44 

113 
21 8 
218 
237 

44 
140 
249 
249 

13 
182 
63 

INDEX 

Location 

QW-103 

QW-103.1 
QW-103.2 
QW-150 
QW-151 

QW-151.1 

QW-151 .l (d) 
QW-15 1.2 
QW-151.2(d) 
QW-151.3 

QW-153.1 

QW-153.1 (d) 
QW-160 

QW-162.1 

QW-163 

QW-180 
QW-181.1 
QW-183 
QW-184 
QW-191 

QW-191.2.2 
QW-191.2.2(b)(l) 
QW-191.2.2(b)(3) 
QW-194.1 
QW-195 
QW-200 

QW-200.1 

Interpretation 

IX-92-86 
IX-92-09 
IX-92-80 
IX-92-81 
IX-92-16 
IX-92-55 
IX-83-110 
IX-83-38 
IX-92-19 
1x-92-37 
1X-89-25 
1x4943 
IX-89-90 
1x-92-79 
IX-83-119 
1x43-120 
IX-83-95 
IX-92 -29 
1);-92-63 
1X-89-04 
1X-95-06 
IX-95-09 
IX-83-156 
IX-92-10 
IX-95-15 
IX-83-115 
IX-86-37 
IX-83-60 
IX-83-120 
1x4642 
IX-86-61 
IX-92-11 
IX-86-40 
IX-92-24 
IX-92-24 
IX-83-52 
IX-83-142 
IX-83-157 
IX-83-174 
IX-86-62 
IX-83-173 
IX-83-173 
IX-86-18 
IX-92-13 
1x4642 
IX-89-17 
IX-92-38 
1X-83-03 
1X-89-03 
IX-92-30 

File 
No. - 

BC93-658 
BC91-260 
BC93 -5 84 
BC92-306 
BC91-314 
BC92-307 
BC83-692 
BC82-771 
BC91-390 
BC92-097 
BC89-099 
BC90-532 
BC90-532 
BC93-583 
BC84-253 
BC83-474 
BC83-301 
BC91-473 
BC92-452 
BC88-167 
BC94-542 
BC94-570 
BC84-697 
BC91-261 
BC95-094 
BC83 -2 79 
BC86-297 
BC82-749 
BC83-474 
BC86-331 
BC86-515 
BC91-263 
BC86-329 
BC91-280 
BC91-280 
BC83-001 
BC84-548 
BC84-700 
BC84-557 
BC86-517 
BC85-013 
BC85-013 
BC85-585 
BC91-278 
BC86-331 
BC88-473 
BC91-630 
BC82-056 
BC88-166A 
BC91-587 

Page 
No. 

318 

- 

2 65 
316 
316 
268 
295 
69 
26 

2 69 
282 
197 
243 
247 
315 

79 
79 
61 

279 
304 
1 82 
336 
344 

98 
2 65 
346 
77 

139 
38 
79 

141 
153 
266 
141 
2 72 
272 
34 
89 
98 

107 
153 
106 
106 
125 
267 
141 
193 
283 

7 
182 
2 79 

(a) 



Location 

Part QW (Cont'd) 

QW-300.2 

QW-300.3 

QW-301 

QW-301.1 
QW-301.2 

QW-301.4 

QW-302.2 

QW-302.3 
QW-302.4 

QW-303 

QW-303.1 

QW-303.2 
QW-303.3 
QW-304 

QW-304.1 
QW-305 
QW-306 

Q' '-3 D 
QW-310.1 
QW-3 10.2 
QW-3 1 0.4 
QW-31 O.~(C) 

QW-3 1 1 
(NEW QW-381) 

QW-311 (a) 
QW-312(a) 

Interpretation 

IX-86-25 
IX-95-3 5 
IX-83-133 
IX-83-151 
IX-86-64 
IX-69-10 
IX-92-25 
IX-95-32 
IX-92-39 
IX-95-14 
IX-95-19 
IX-83-103 
IX-86-69 
IX-89-79 
IX-92-17 
IX-92-23 
IX-83-153 
IX-83-31 
IX-83-149 
IX-83-32 
IX-83-163 
IX-86-13 
IX-86-90 
IX-89-30 
IX-86-34 
IX-86-79 
IX-89-64 
IX-92-71 
IX-95-17 
IX-89-98 
IX-92-15 
IX-83-98 
IX-83-155 
1X-86-74 
IX-92-45 
IX-92-46 
IX-83-19 
IX-83-57 
IX-83-91 
IX-83-108 
IX-86-85 
IX-95-39 
IX-83-128 
IX-89-108 
IX-83-83 
IX-83-107 
IX-86-23 
IX-92-26 
IX-92-59 
IX-92-68 
IX-92-31 
IX-86-3 5 
IX-89-89 
IX-83-42 
IX-83-70 
IX-83-101 
IX-83-121 
IX-83-132 
IX-83-162 
IX-86-27 
IX-83-101 
IX-83-134 

File 
No. - 

BC86-018 
BC96-287 
BC84-370 
BC84-620 
BC86-395 
BC8b-398 
BC91-415 
BC95-302 
BC92-121 
BC95-040 
BC95-221 
BC83-237 
BC87-088 
BC90-53 1 
BC91-315 
BC90-494 
BC84-664 
BC82-395 
BC84-558 
BC82-598 
BC85-022 
BC85-507 
BC88-091 
BC89-177 
BC86-265 
BC87-140 
BC90-297 
BC93-365 
BC95-035 
BC91-003 
BC91-293 
BC83-450 
BC84-692 
BC87-134 
BC92-238 
BC92-265 
BC82-440 
BC83-079 
BC83-528 
BC83 -63 9 
BC87-492 
B C96-3 3 1 
BC84-226 
BC91-157 
BC83-394 
BC83-550 
BC85-553 
BC91-470 
BC92-206 
BC92-011 A 
BC91-613 
BC86-266 
BC90-769 
BC83-803 
BC83-270 
BC83-529 
BC84-134 
BC84-366 
BC84-663 
BC86-061 
BC83-529 
BC84-396 

Cumulative Index - Interpretations Vols. 12 -44 

Page 
No. - 

128 
368 
86 
96 

154 
186 
2 72 
367 
2 83 
345 
352 
65 

156 
237 
268 
271 

97 
19 
95 
19 

1 02 
118 
176 
2 04 
138 
167 
225 
312 
351 
251 
267 

63 
98 

165 
292 
292 

14 
37 
56 
68 

174 
3 75 

83 
256 

53 
67 

127 
273 
303 
306 
280 
139 
246 
28 
42 
64 
80 
85 

102 
129 
64 
86 

Location 

QW-320 
QW-321 
QW-321.2(a) 
QW-321.3 
QW-322 

QW-322(a) 

QW-322.l(b) 
QW-322.2 
QW-350 

QW-351 

QW-355 

QW-356 

QW-360 
QW-361.2 

QW-364 
QW-380 

QW-381 

QW-382 

Interpretation 

IX-86-24 
IX-83-13 
IX-86-79 
IX-92-73 
IX-83-58 
IX-83-113 
IX-83-117 
IX-83-124 
IX-83-128 
IX-83-154 
IX-83-166 
IX-83-167 
IX-83-170 
IX-86-07 
IX-86-19 
IX-86-50 
IX-89-38 
IX-89-54 
IX-89-63 
IX-92-12 
IX-92-22 
IX-92-64 
IX-95-38 
IX-83-150 
IX-83-159 
IX-83-164 
IX-86-52 
IX-86-81 
IX-86-82 
IX-89-27 
IX-89-38 
IX-89-54 
IX-95-19 
IX-92-47 
IX-86-51 
IX-95-30 
IX-83 -5 5 
IX-83-77 
IX-83-143 
1x4952 
IX-92-32 
IX-86-12 
IX-86-46 
IX-79-52R 
IX-83-116 
IX-86-68 
IX-92-01 
IX-89-51 
IX-86-68 
IX-95-31 
IX-98-14 
IX-92 -58 
lX-89-71 
IX-89-92 

IX-86-2 7 
IX-86-58 
IX-86-66 
IX-86-71 
IX-92-72 
IX-98-14 
IX-92-02 
IX-92-04 

File 
No. - 

BC86-001 
BC82-346 
BC87-140 
BC93-468 
BC83-086 
BC84-055 
BC84-133 
BC84-149 
BC84-226 
BC84-689 
BC85-030 
BC85-031 
BC85-091 
BC85-560 
BC85-587 
BC86-389 
BC89-359 
BC89-367 
BC90-2 54 
BC9 1 -2 64 
BC91-425 
BC92-464 
BC96-132 
BC84-617 
BC84-690 
BC85-023 
BC86-394 
BC87-242 
BC87-252 
BC89-100 
BC89-359 
BC89-367 
BC95-221 
BC92-266 
BC86-390 
8C96-073 
BC83-059 
BC83-253 
BC84-58 1 
BC88-090 
BC91-631 
BC85-482 
BC86-2 19 
BC79-046* 
BC84-054 
BC87-03 9 
BC90-501 
BC90-038 
BC87 -03 9 
BC96-141 
BC98447 
BC92-357 
BC90-039 
BC90-681, 
BC90-691 
BC86-061 
BC86-457 
BC87-036 
BC87-090 
BC93-392 
BC98-447 
BC90-518 
BC90-530 

Page 
N O .  

128 
12 

167 
313 
37 
71 
78 
81 
83 
97 

104 
104 
105 
115 
129 
144 
213 
220 
224 
2 66 
271 
305 
3 75 
96 
99 

103 
145 
173 
173 
203 
213 
220 
352 
292 
145 
361 
36 
49 
89 

181 
280 
117 
1 43 
49 
77 

156 
285 
219 
156 
361 
397 
296 
233 
248 

129 
152 
155 
157 
312 
397 
2 62 
2 63 

- 

(C) 



Location 

Part QW (Cont'd) 
, -.- 

QW-408.2 

QW-408.3 
QW-408.8 
QW-408.9 

QW-409 
QW409.1 

QW-409.8 

QW-410.7 
QW-410.9 
QW-410.15 

QW-410.25 
QW-410.26 
QW-410.42 
QW-415 

QW-416 

QW-420.2 
QW-422 

QW-423 

QW-423.1 

QW-424 

QW-424.1 
QW-432 

QW-442 
QW-450 
QW-450 vs QW-461 
QW-45 1 

.- - 

interpretation 

IX-95-11 
1X-92-62 
IX-95-16 
IX-86-67 
IX-83-168 
lX-83-146 
1x4647 
IX-83-26 
IX-83-33 
1x43-175 
IX-92-40 

IX-92-87 
IX-92-88 
IX-89-19 
IX-89-36 
IX-92 -88 
IX-95-18 
IX-86-55 
IX-86-60 
1x46-44 
IX-86-63 
IX-83-69 
IX-86-26 
IX-98-07 
1X-89-79 
1x4942 
1X-86-72 
IX-86-86 
IX-95-07 
1x43-34 
IX-83-131 
1x4648 
IX-89-14 
IX-89-36 
1x4948 
IX-92-08 
IX-92-18 
IX-95-05 
IX-86-17 
IX-89-15 
IX-92-18 
IX-89-58 
IX-92-65 
lX-89-05 
IX-89-26 
IX-89-41 
1X-89-75 
1x4948 
IX-95-22 
IX-89-58 
IX-83-2 4 
IX-80-52R 
IX-92-99 

IX-98-08 
IX-89-46 
IX-83-14 
1x43-78 
IX-83-01 
IX-83-05 

File 
No. - 

BC95-002 
BC92-425 
BC95-095 
BC87-038 
BC85-059 
BC84-619 
BC87-038 
BC82-182 
BC82-617 
BC85-038 
BC92-110 
BC92-228 
BC92 -3 53 
BC93-151 
BC93-593 
BC88-476 
BC89-357 
BC93-593 
BC95-220 
BC86-426 
BC86-514A 
BC86-365 
BC86-520 
BC82-2 3 3 
BC86-059 
BC98-009 
BC90-53 1 
BC90-531 
BC87-091 
BC87-494 
BC94-522 
BC82-514 
BC84-365 
BC88-041 
BC88-403 

BC90-768 
BC89-357 

BC91-257 
BC91-389 
BC94-365 
BC85-554 
BC88-404 
BC91-389 
BC90-249 
BC93-148 
BC88-168 
BC89-103 
BC89-363 
BC90-443 
BC90-768 
BC95-25 1 
BC90-249 
BC82-588 
BC80-435* 
BC93-762 
BC93-769 
BC98-13 1 
BC89-369 
BC82-302 
BC83-300 
BC81-702 
BC82-237 

Cumulative Index - Interpretations Vols. 12-44 

Page 
No. - 

344 
304 
346 
155 
104 
90 

155 
17 
79 

107 
284 
306 
306 
323 
323 
194 
212 
323 
351 
146 
152 
142 
154 
42 

129 
3 90 
237 
243 
158 
175 
3 43 

25 
85 

176 
187 
212 
246 
265 
297 
336 
124 
183 
2 97 
22 1 
305 
188 
197 
214 
235 
246 
353 
22 1 

16 
49 

327 
327 
390 
216 

12 
50 
5 
8 

Location 

QW-451 .l 

QW-451.3 

QW-452 

QW-452.1 

QW-452.3 

interpretation 

IX-83-08 
1x43-36 
1x4344  
IX-83-104 
1x43-105 
IX-83-141 
1x43-177 
IX-86-31 
1x4947  
IX-89-62 
IX-89-83 
IX-89-99 
IX-92-19 
IX-92-34 
IX-92-37 
IX-92-68 
IX-98-03 
IX-98-12 

1x43-18 
1X-83-43 
IX-83-81 
IX-83-88 
IX-83-94 
IX-83-102 
IX-83-122 
1X-86-36 
1x4648  
IX-89-18 
IX-89-107 
1X-86-40 
IX-92-51 
IX-92-56 
1x4347  
IX-83-16 
1x4347  
IX-83-104 
IX-86-30 
1X-86-39 
IX-89-02 
1X-83-66 
IX-83-88 
IX-83-90 
IX-89-06 
IX-89-21 
IX-89-52 
IX-89-64 
IX-89-95 
IX-89-107 
IX-92-35 
IX-92-36 
IX-92-53 
IX-92-59 
IX-92-89 
IX-83-22 
IX-83-23 
IX-83-66 
IX-83-158 
IX-86-29 
IX-89-09 
IX-89-69 
IX-89-94 
IX-89-104 

File 
No. - 

BC82-265 
BC82-757 
BC83-222 
BC83-349 
BC83-471 
BC84-434 
BC85-092 
BC86-101 
BC88-171 
BC90-253 
BC90-532 
BC91-022 
BC91-390 
BC91-586 
BC92-097 
BC92-011 A 
BC97-479 
BC98-237 
BC98-238 
BC82-423 
BC82-822 
BC83-395 
BC83-396 
BC83-284 
BC83-551 
BC83-645 
BC86-280 
BC86-281 
BC88-474 
BC91-124 
BC86-329 
BC92-276 
BC92-308 
BC82-246 
BC82-396 
BC83-123 
BC83-349 
BC86-104 
BC86-299 
BC88-090 
BC83-058 
BC83-396 
BC83-407 
BC88-169 
BC89-03 1 
BC90-044 
BC90-297 
BC90-869 
BC91-124 
BC91-277 
BC91-616 
BC92-254 
BC92-206 
BC93-653 
BC82-516 
BC82-530 
BC83-058 
BC84-368 
BC86-103 
BC88-397 
BC90-401 

BC91-097 
BC90-785 

Page 
No. 

10 
25 
40 
66 
66 
89 

108 
137 
184 
224 
243 
251 
269 
281 
282 
306 
3 83 
396 

14 
29 
51 
54 
61 
65 
80 

139 
143 
193 
255 
141 
294 
295 

9 
13 
41 
66 

131 
140 
181 
41 
54 
55 

183 
195 
219 
225 
250 
255 
281 
282 
294 
303 
324 

15 
15 
41 
99 

130 
185 
227 
249 
253 

- 

(e) 



SUBJECT INDEX 

Subject Interpretation 

Base Metab 
P-Number substitution . . . . . . . . . . . . . . . . . . . . . . . . . . , , . , . . . . . . . . . . . . . , . IX-63-20 

IX-83-56 
IX-83-96 
IX-86-17 
IX-86-18 
IX-89-29 
IX-89-61 
IX-89-75 
IX-95-2 1 
IX-95-22 
IX-95-24 

for notch toughness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , IX-83-92 
IX-86-48 
IX-89-75 
IX-89-84 
IX-89-96 
IX-92-70 
IX-92-87 

qualifyin 

qualifying for test specimens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-89-37 
IX-89-88 

use of as filler metal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-87 

Brazing Base Mctills 
P-Number Substitution . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-92-74 

Brazing Procedure Qdfication 
by Part QW welding qualification. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-92-83 
electrode classification . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-95-13 
for attaching small penetrations , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-86-73 
qualification by proof test. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-86-53 
S-Number substitution. . . . . , . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-92-93 

Brazing Procedure Specification 
combination of thicknesses. . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . IX-89-104 
qualification of hard-facing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-92-83 
recording information on BPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-89-93 
recording information on the Brazer or Brazing Operator 

Qualification lest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-89-94 
requalification of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-86-22 

Brazing Test Specimens 
butt and scarf joints.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-89-49 
positions ......................................................... IX-92-85 

certification 
ofthe PQR. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IX-83-03 
of the WPS.. . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-03 

Consumable Inserts 
additioddeletion.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-89-91 

Cumulative Index - Interpretations Vols. 12-44 

File No. 

BC82-496 

BC83-442 
BC83-078 

BC85-554 
BC85-585 
BC89-176 
BC90-252 
8C90-443 
BC95-318 
BC95-25 1 
BC95-194 
BC83-530 
BC86-281 
BC90-443 
BC90-664 
BC90-872 
BC92-450 
BC93-151 
BC89-358 
BC90-768 
BC83-340 

BC93-474 

BC93-527 
BC94-035 
BC86-3 32 
BC86-399 
BC93-752 

BC91-097 
BC93-527 
BC90-783 

BC90-785 
BC85-531 

BC89-372 
BC93-655 

BC82-056 
BC82-056 

BC90-680 

Page No. 

14 
36 
62 

124 
125 
204 
223 
235 
353 
353 
359 
54 

143 
235 
244 
250 
31 1 
323 
212 
246 

56 

313 

31 7 
345 
159 
145 
325 

253 
317 
249 

249 
126 

218 
318 

7 
7 

247 

(g) 



Subject Interpretation 
Noneosentu * I Variabies (see also Variables) (Cont'd) 
ranges for.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-63-04 

.* . 

Nonnaliued Materids 
qualified by non-normalized materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-8346 

N o d e  Joint Design 
base metal thickness ............................................... 1x46-31 

oper;rtionJcontrol 
change in company name . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1x43-25 
contractor's associations.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-68 
of welding procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-03 

1x43-151 
1x46-64 

organizations not involved in Code applications . . . . . . . . . . . . . . . . . . . . . . . . IX-83-39 

Peel Test, Brazing 
acceptance criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-89-74 

_. ..- 

IX-98-01 

Performance Qu;rllfiation 
A-number substitution. . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1x46-84 

1x4929 
IX-92-18 

alternate base materials for welder qualification. . . . . . . . . . . . . . . . . . . . . . . . . IX-92-18 

applied lining or clad plate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-89-101 
by several contractors simultaneously . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . IX-86-25 

1x46-81 

change in angle groove.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1x46-69 
change in vertical welding.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-92-01 
combination of welding processes.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-92-01 

consumable inserts.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1x4346 

corrosion-resistant weld metal overlay. . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . lV-86-32 

1x46-66 

IX-92-65 

IX-95-32 

IX-92-26 

IX-83-22 

IX-86-58 

IX-89-79 
IX-89-71 
IX-92-72 
IX-95-23 
IX-95-30 
IX-98-14 

diameter limitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-69-09 
IX-89-69 
IX-89-98 
IX-89-104 
IX-89-106 
IX-92-15 
IX-92-41 
IX-92-90 
IX-95-04 

editorial correction to WPQ.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-92-96 
effective operational control of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-69-10 

IX-95-20 
IX-95-32 

electrodes.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-95-30 
fillet welds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-63-04 

IX-83-103 
IX-86-28 
IX-92-45 

Cumulative Index - Interpretations Vols. 12-44 

File No. 

BC82-098 

Bc83-294 

Bc86-101 

BC8l-160 
BC83-040 
BC82-056 
BC84-620 
BC86-395 
BC82-792 

BC90429 
BC97-304 

BC87-491 
BC89-176 
BC91-389 
BC91-389 
BC93-148 
BC91-085 
BC86-018 
BC87-242 
BC95-302 
BC87-088 
BC90-501 
BC90-501 
BC91-470 
BC82-245 
BC82-516 
BC86-222 
BC86-457 
BC87-036 
BC90-53 1 
BC90-039 
BC93-392 
BC95-428 
BC96-073 
BC98-447 
BC88-397 
BC90-401 
BC91-003 
BC91-097 
BC91-120 
BC91-263 
BC92-035 
BC93-753 
BC94-296 
BC93-755 
BC88-398 
6 .  5-302 
BC95-302 
BC96-073 
BC82-098 
BC83-237 
BC86-062 
BC92-238 

Page No. 

8 

54 

137 

16 
41 

7 
96 

154 
26 

234 
383 

1 74 
204 
297 
297 
305 
252 
128 
173 
367 
156 
285 
2 85 
2 73 

9 
15 

138 
152 
155 
237 
233 
312 
353 
361 
397 
185 
227 
251 
253 
254 
267 
284 
324 
335 
326 
186 
3 52 
367 
361 

8 
65 

130 
2 92 

(il 



Subject Interpretation 

Performance Qualification (Cont'd) 
IX-86-72 
IX-89-30 
1x4947  

renewal of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-154 
IX-83-159 
IX-83-164 
IX-83-166 
1x43-167 
1x4647  
IX-86-19 
IX-86-50 
IX-86-52 
IX-89-32 
IX-92-12 
IX-92-22 

.^_ IX-92-47 
IX-92-64 

requalification after failure . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . IX-92-56 
requalification after failure and further training. . . . . . . . . . . . . . . . . . . . . . . . . . IX-92-73 
requalification for friction weld operator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , IX-92-58 
requalifying for Addenda changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-112 
responsibility of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-21 

IX-83-100 
IX-83-101 
IX-83-106 
IX-83-113 
IX-83-117 
IX-83-121 
IX-83-124 
IX-83-128 
IX-83-131 
IX-83-132 
IX-83-133 
IX-83-134 
IX-92 -2 5 
IX-98-14 

revoking of qualification. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-95-19 
simultaneous qualification of welders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-92-39 

special process . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . IX-89-92 

strip electrodes . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . IX-95-30 
test coupon qualification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1);-92-31 
test specimen movement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . IX-86-77 
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Postweld Heat Treatment (Cont'd) 
versus post heating ................................................ IX-83-29 

when lower critical temperature has been exceeded.. ................... 
IX-66-20 
IX-83-35 

*at Temperature 
maintenance of ................................................... IX-83-82 

IX-83-161 

Procedure Qualification 

essential variables ................................................. 1X-89-54 
IX-89-59 

equipment.. ...................................................... IX-95-42 

impact testing .................................................... IX-89-23 
joints ........................................................... IX-98-06 
limits of qualified positions for procedures.. ........................... IX-95-13 
liquid penetrant examination 1X-92-13 

1X-95-23 
nonessential variables. ............................................. IX-98-13 

~ -, ........................................ 

partial penetration groove welds ..................................... IX-89-62 

seal welds ....................................................... 1X-98-15 
subcontracting.. .................................................. IX-92-78 
substrate deposit .................................................. 1X-95-34 

variables.. ....................................................... IX-89-79 
1X-92-40 

weld repair and buildup tests.. ...................................... 1X-95-03 

IX-95-03 

tension testc. ..................................................... IX-95-09 

Procedure Qualification Record 
additionslcorrections to ............................................ IX-83-171 
applied lining. .................................................... IX-92-20 
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IX-95-12 
electrical characteristics ............................................ IX-92-88 
groove and fillet welds ............................................. IX-92-11 
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for weld overlays.. .............................................. 

weld reinforcement. ............................................. 

procedure 
changes in later editions.. ........................................ 

for brazed laps.. ................................................ 

for cladding.. .................................................. 

for double-bevel groove welds. .................................... 
for dissimilar base metal thickness. ................................. 
for groove welds ................................................ 

effect of W H T  ................................................. 

for hardfacing overlay. ........................................... 

for multiprocess procedures ....................................... 

for notch toughness .............................................. 
for weld repair.. ................................................ 

impact testing ................................................... 
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Test Specimens (Conrd) 
longitudinal bend . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-89-107 
mandrel size ..................................................... IX-83-74 

method of restraint.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-86-37 

minimum weld metal deposit thickness. . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . IX-92-68 
nondestructive testing of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-86-83 
number of tension test specimens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-92-37 
partial penetration. . , . . . . . , . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-89-99 
product form ..................................................... IX-86-40 

qualification of . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-89-45 

reduced section ................................................... IX-83-65 

IX-86-71 

IX-86-38 

IX-89-07 

IX-92-29 

IX-89-25 
IX-89-90 
IX-92-76 
JX-92-79 

removal ......................................................... IX-83-15 
IX-83-119 
IX-92-79 

roll planishing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-86-26 
size of specimen required.. . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-38 

IX-83-73 
IX-86-45 

tension, full section for small diameter pipe . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-89-103 
tension, reduced section for lap and rabbet joints, plate.. . . . . . . . . . . . . . . . . IX-89-81 
tension test results.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-92-14 

IX-92-63 
IX-95-06 
IX-95-09 
IX-98-09 

test jig dimensions for bend tests. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-9248 

toleranc .......................................................... IX-95-02 
transverse bend . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-89-107 
using radiography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-157 

IX-9249 

IX-86-62 
IX-83-149 visual requirements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  

Unlisted Materials (Non-Code Material) 
A-Number classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-140R 

1x4946  
IX-89-55 

P-Numbers for. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-34 
IX-83-62 
IX-83-115 
IX-83-131 

identifying welding electrodes in cartons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-89-65 
qualification of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-45 

IX-83-136 
IX-95-2 1 
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SAW flux/wire combinations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-46 
use of filler metals.. . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-25 

IX-86-76 

Variables 
changes to the WPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-54 

flexible welding back-up tape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-86-80 
listing on the WPS ................................................. IX-83-03 

IX-89-70 

IX-86-14 
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Welding Procedure Specification (Cont'd) 
requalification of. . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-89-14 

IX-89-42 
IX-89-17 
1x4941 
IX-89-54 
IX-92-38 
IX-95-04 
IX-95-16 

short circuiting mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-95-28 

supplied to welder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX-83-17 

1x8642 
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support Of ........................................................ IX-83-146 
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SUMMARY OF CHANGES 

Addenda to the 1998 Edition of the Code are issued in the form of replacement pages. Revisions, 
additions, or deletions are incorporated directly into the affected pages. It is advisable, however, 
that all replaced pages be retained for reference. 

Replace or insert the pages listed. Changes given below are identified on the pages by a 
margin note, A99, placed next to the affected area. Revisions to the 1998 Edition are indicated 
by 98. For the listing below, the Page references the affected area. A margin note, A99, placed 
next to the heading indicates Location. Revisions are listed under Change. 

Page 

iii 
v, vii 

xv, xvi 

xvii-xxvi 
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15 
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45 

49 

50 

55 
63 

64 
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70-1 24 

125 

126-128 
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1 60 

Location 

Listing of Sections 

Contents 

Guideline 

Roster 

QW-102 

QW-103.2 

QW-153.1 

QW-153.1.1 

QW-201 

QW-202.4 

QW-253 

QW-255 

QW-284 

QW-304 

QW-305 

QW-384 

QW-407.1 

QW-407.2 

QW-407.4 

QW-407.5 

QW-408.2 

QW-408.8 

QW-408.9 

QW-408.10 

QW-410.11 

QW-420.1 

QW-420.2 

QWiQB-422 

QW-42 3.1 

QW-432 

QW-451.3 

QW-462.10 

QW-462.11 

Change 

Title to Section 111, Division 3 revised 

Updated to reflect A99 

Deleted by errata 

Updated to reflect A99 

Revised 

Last line corrected by errata 

First sentence revised 

Subparagraph (b) revised 

Second paragraph revised 

Last paragraph revised 

Under Nonessential, last entry added 

Under Brief of Variables, last entry cor- 

Revised 

First paragraph revised 

First paragraph revised 

Revised 

First sentence revised 

First sentence revised 

Revised 

First sentence revised 

First sentence revised 

Revised 

Revised 

Revised 

Revised 

Paragraph below in-text table revised 

First and second paragraphs revised 

Revised 

In-text table revised 

Revised 

Note revised 

Main column head revised 

Main column head revised 

by errata 

rected by errata 
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1998 ASME 
BOILER AND PRESSURE VESSEL CODE 

A99 SECTIONS 
I 
II Materials 

Rules for Construction of Power Boilers 

Part A - Ferrous Material Specifications 
Part B - Nonferrous Material Specifications 
Part C - Specifications for Welding Rods, Electrodes, and Filler Metals 
Part D - Properties 

III 
111 Division 1 

Subsection NCA - General Requirements for Division 1 and Division 2 

Subsection NB - Class 1 Components 
Subsection NC - Class 2 Components 
Subsection ND - Class 3 Components 
Subsection NE - Class MC Components 
Subsection NF - Supports 
Subsection NG - Core Support Structures 
Subsection NH - Class 1 Components in Elevated Temperature Service 
Appendices 

III 
III 

IV 
V Nondestructive Examination 
VI 
VII 
VIII 

Division 2 - Code for Concrete Reactor Vessels and Containments 
Division 3 - Containment Systems for Storage and Transport Packagings of Spent Nuclear Fuel 

Rules for Construction of Heating Boilers 

Recommended Rules for the Care and Operation of Heating Boilers 
Recommended Guidelines for the Care of Power Boilers 
Rules for Construction of Pressure Vessels 

and High Level Radioactive Material and Waste 

Division 1 
Division 2 - Alternative Rules 
Division 3 - Alternative Rules for Construction of High Pressure Vessels 

IX Welding and Brazing Qualifications 
X Fiber-Reinforced Plastic Pressure Vessels 
XI Rules for Inservice Inspection of Nuclear Power Plant Components 

ADDENDA 

Colored-sheet Addenda, which include additions and revisions to individual Sections of the Code, are 
published annually and will be sent automatically to purchasers of the applicable Sections up to the 
publication of the 2001 Code. The 1998 Code is available only in the loose-leaf format; accordingly, 
the Addenda will be issued in the loose-leaf, replacement-page format. 

INTERPRETATIONS I 
ASME issues written replies to inquiries concerning interpretation of technical aspects of the Code. 
The Interpretations for each individual Section will be published separately and will be included as 
part of the update service to that Section. They will be issued semiannually (July and December) up 
to the publication of the 2001 Code. Interpretations of Section III, Divisions 1 and 2, will be included 
with the update service to Subsection NCA. 

CODE CASES I 
The Boiler and Pressure Vessel Committee meets regularly to consider proposed additions and revisions 
to the Code and to formulate Cases to clarify the intent of existing requirements or provide, when the 
need is urgent, rules for materials or constructions not covered by existing Code rules. Those Cases 
which have been adopted will appear in the appropriate 1998 Code Cases book: ( 1 ) Boilers and Pressure 
Vessels and (2) Nuclear Components. Supplements will be sent automatically to the purchasers of the 
Code Cases books up to the publication of the 2001 Cod: 
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PART QW WELDING 

ARTICLE I 
WELDING GENERAL REQUIREMENTS 

QW-lo0 GENERAL 
Section IX of the ASME Boiler and Pressure Vessel 

Code relates to the qualification of welders, welding 
operators, brazers, and brazing operators, and the proce- 
dures that they employ in welding and brazing according 
to the ASME Boiler and Pressure Vessel Code and 
the ASME B31 Code for Pressure Piping. It is divided 
into two parts: Part QW gives requirements for welding 
and Part QB contains requirements for brazing. 

QW-100.1 The purpose of the Welding Procedure 
Specification (WPS) and Procedure Qualification Record 
(PQR) is to determine that the weldment proposed 
for construction is capable of providing the required 
properties for its intended application. It is presupposed 
that the welder or welding operator performing the 
welding procedure qualification test is a skilled work- 
man. That is, the welding procedure qualification test 
establishes the properties of the weldment, not the skill 
of the welder or welding operator. In addition to this 
general requirement, special considerations for notch 
toughness are required by other Sections of the Code. 
Briefly, a WPS lists the variables, both essential and 
nonessential, and the acceptable ranges of these variables 
when using the WPS. The WPS is intended to provide 
direction for the welder/welding operator. The PQR 
lists what was used in qualifying the WPS and the 
test results. 

QW-100.2 In performance qualification, the basic 
criterion established for welder qualification is to deter- 
mine the welder’s ability to deposit sound weld metal. 
The purpose of the performance qualification test for the 
welding operator is to determine the welding operator’s 
mechanical ability to operate the welding equipment. 

QW-100.3 Welding Procedure Specifications (WPS) 
written and qualified in accordance with the rules of 
this Section, and welders and welding operators of 
automatic and machine welding equipment also qualified 
in accordance with these rules may be used in any 
construction built to the requirements of the ASME 
Boiler and Pressure Vessel Code or the ASME B31 
Code for Pressure Piping. 

However, other Sections of the Code state the condi- 
tions under which Section IX requirements are manda- 
tory, in whole or in part, and give additional require- 
ments. The reader is advised to take these provisions 
into consideration when using this Section. 

Welding F’mcedure Specifications, Procedure Quali- 
fication Records, and Welder/Welding Operator Per- 
formance Qualification made in accordance with the 
requirements of the 1962 Edition or any later Edition 
of Section IX may be used in any construction built 
to the ASME Boiler and Pressure Vessel Code or the 
ASME B31 Code for Pressure Piping. 

Welding Procedure Specifications, Procedure Quali- 
fication Records, and WelderIWelding Operator Per- 
formance Qualification made in accordance with the 
requirements of the Editions of Section IX prior to 
1962, in which all of the requirements of the 1962 
Edition or later Editions are met, may also be used. 

Welding Procedure Specifications and WeldedWeld- 
ing Operator Performance Qualification records meeting 
the above requirements do not need to be amended to in- 
clude any variables required by later Editions and Ad- 
denda. 

Qualification of new Welding Procedure Spec; ,- :a- 
tions or WelderdWelding Operators and requalification 
of existing Welding Procedure Specifications or 
Welders/Welding Operators shall be in accordance with 
the current Edition (see Foreword) and Addenda of Sec- 
tion E. 
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QW-153 GENERAL REQUIREMENTS QW-161.6 
-. 

QW-153 

QW-153.1 Tensile Strength. Except for P-No. 21 
through P-No. 25 and P-No. 35 materials, minimum 
values are provided under the column heading "Mini- 
mum Specified Tensile, !&" of QW/QB-422. In order 
to pass the tension test, the specimen shall have a 
tensile strength that is not less than: 

(a) the minimum specified tensile strength of the 
base metal; or 

(b) the minimum specified tensile strength of the 
weaker of the two, if base metals of different minimum 
tensile strengths are used; or 

(c) the minimum specified tensile strength of the 
weld metal when the applicable Section provides for 
the use of weld metal having lower room temperature 
strength than the base metal; 

(d) if the specimen breaks in the base metal outside 
of the weld or fusion line, the test shall be accepted 
as meeting the requirements, provided the strength is 
not more than 5% below the minimum specified tensile 
strength of the base metal. 

QW-153.1.1 Additional Requirements for Spe- 
&c Base Metals 

(a) For Aluminum Alclad materials 0.499 in. and 
less, the specified minimum tensile strength is for 
full thickness specimens that include cladding. For 
Aluminum Alclad materials 0.5 in. and greater, the 
specified minimum tensile strength is for both full 
thickness specimens that include cladding and specimens 
taken from the core. 

(6) For copper and copper-based alloys, the minimum 
specified tensile value provided by QW/QB-422 is that 
given for the base metal in the annealed condition and 
is the acceptance value for qualification. 

(c) All P-No. 23 minimum specified tensile values, 
provided by QW/QB-422, are not designated in the 
respective SB documents and are the acceptance values 
for qualifications using T4 or T6 temper base metal 
and tested in the as-welded condition. 

Acceptance Criteria - Tension Tests 

~ 9 9  

A99 

QW-160 GUIDED-BEND TESTS 

QW-161 Specimens 

Guided-bend test specimens shall be prepared by 
cutting the test plate or pipe to form specimens of 
approximately rectangular cross section. The cut sur- 
faces shall be designated the sides of the specimen. 
The other two surfaces shall be called the face and 
root surfaces, the face surface having the greater width 
of weld. The specimen thickness and bend radius are 
shown in QW-466.1, QW-466.2, and QW-466.3. 

Guided-bend specimens are of five types, depending 
on whether the axis of the weld is transverse or parallel 
to the longitudinal axis of the specimen, and which 
surface (side, face, or root) is on the convex (outer) 
side of bent specimen. The five types are defined as 
follows. 

QW-161.1 Transverse Side Bend. The weld is 
transverse to the longitudinal axis of the specimen, 
which is bent so that one of the side surfaces becomes 
the convex surface of the bent specimen. Transverse 
side-bend test specimens shall conform to the dimen- 
sions shown in QW-462.2. 

Specimens of base metal thickness over 11/2 in. (38 
mm) may be cut into approximately equal strips between 
Y4 in. (19 mm) and 11/2 in. (38 mm) wide for testing, 
or the specimens may be bent \at full width (see 
requirements on jig width in QW-466). If multiple 
specimens are used, one complete set shall be made 
for each required test. Each specimen shall be tested 
and meet the requirements in QW-163. 

QW-161.2 Transverse Face Bend. The weld is 
transverse to the longitudinal axis of the specimen, 
which is bent so that the face surface becomes the 
convex surface of the bent specimen. Transverse face- 
bend test specimens shall conform to the dimensions 
shown in QW-462.3(a). For subsize transverse face 
bends, see QW-161.4. 

QW-161.3 Transverse Root Bend. The weld is 
transverse to the longitudinal axis of the specimen, 
which is bent so that the root surface becomes the 
convex surface of the bent specimen. Transverse root- 
bend test specimens shall conform to the dimensions 
shown in QW-462.3(a). For subsize transverse root 
bends, see QW-161.4. 

QW-161.4 Subsize Transverse Face and Root 
Bends. See Note (2) of QW-462.3(a). 

QW-161.5 Longitudinal-Bend Tests. Longitudinal- 
bend tests may be used in lieu of the transverse side-, 
face-, and root-bend tests for testing weld metal or 
base metal combinations which differ markedly in 
bending properties between 

(a) the two base metals; or 
(b) the weld metal and the base metal. 

QW-161.6 Longitudinal Face Bend. The weld is 
parallel to the longitudinal axis of the specimen, which 
is bent so that the face surface becomes the convex 
surface of the bent specimen. Longitudinal face-bend 
test specimens shall conform to the dimensions shown 
in QW-462.3@). 
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production joint. Each procedure may include one or 
a combination of processes, filler metals, or other 
variables. 

Where two or more procedures involving different 
processes or other essential variables are used in one 
joint., QW-451 shall be used to determine the range 
of base metaI thickness qualified and the maximum 
thickness of deposited weld metal qualified for each 
process or procedure. Alternatively, qualification for 
root deposits only may be made in accordance with 
QW-200.4m). The deposited weld metal of each process 
or procedure shall be included in the tension and bend 
specimens, and in the notch-toughness specimen (when 
required). One or more processes or procedures may 
be deleted from a qualified combination procedure. 
Each such process or procedure may be used separately 
provided: 

(1 )  the remaining essential, nonessential, and sup- 
plementary essential variables are applied; 

(2) the base metal and deposited weld metal thick- 
ness limits of QW-451 are applied. 

(b) For GTAW, SMAW, GMAW, PAW, and SAW, 
or combinations of these processes, a PQR for a process 
recording a test coupon that was at least Y’ in. (13 mm) 
thick may be combined with one or more other PQRs 
recording another welding process and any greater base 
metal thickness. In this case, the process recorded on 
the first PQR may be used to deposit the root layers 
using the process(es) recorded on that PQR up to 2t 
(for short-circuiting type of GMAW, see QW-404.32) 
in thickness on base metal of the maximum thickness 
qualified by the other PQR(s) used to support the W S .  
The requirements of Note (1) of QW-451.1 and QW- 
451.2 shall apply. 

A99 QW-201 Manufacturer’s or Contractor’s 
Responsibiiity 

Each manufacturer or contractor shall list the parame- 
ters applicable to welding that he performs in construc- 
tion of weldments built in accordance with this Code. 
These parameters shall be Listed in a document known 
as a Welding Procedure Specification ( W P S ) .  

Each manufacturer or contractor shall qualify the WPS 
by the welding of test coupons z+nd the testing of specimens 
(as required in this Code), and the recording of the welding 
data and test results in a document known as a Procedure 
Qualification Record (PQR). The welders or welding oper- 
ators used to produce weldments to be tested for qualifica- 
tion of procedures shall be under the full supervision and 
control of the manufacturer or contractor during the pro- 
duction of these test weldments. The weldments to be 
tested for qualification of procedures shall be weldedeither 

by direct employees or by individuals engaged by contract 
for their services as welders or welding operators under the 
full supervision and control of the manufacturer or contrac- 
tor. It is not permissible for the manufacturer or contractor 
to have the supervision and control of welding of the test 
weldments performed by another organization. It 1s per- 
missible, however, to subcontract any or all of the work of 
preparation of test metal for welding and subsequent work 
on preparation of test specimens from the completed weld- 
ment, performance of nondestructive examination, and 
mechanical tests, provided the manufacturer or contractor 
accepts the responsibility for any such work. 

The Code recognizes a manufacturer or contractor 
as the organization which has responsible operational 
control of the production of the weldments to be made 
in accordance with this Code. If in an organization 
effective operational control of welding procedure quali- 
fication for two or more companies of different names 
exists, the companies involved shall describe in their 
Quality Control system/Quality Assurance Program, the 
operational control of procedure qualifications. In this 
case separate welding procedure qualifications are not 
required, provided all other requirements of Section IX 
are met. 

A WPS may require the support of more than one 
PQR, while alternatively, one PQR may support a 
number of W S s .  

The manufacturer or contractor shall certify that he 
has qualified each Welding Procedure Specification, 
performed the procedure qualification test, and docu- 
mented it with the necessary Procedure Qualification 
Record (PQR). 

QW-201.1 The Code recognizes that manufacturers 
or contractors may maintain effective operational control 
of PQRs and WPSs under different ownership than 
existed during the original procedure qualification. When 
a manufacturer or contractor or part of a manufacturer 
or contractor is acquired by a new owner(s), the PQRs 
and WPSs may be used by the new owner(s) without 
qualification, provided all of the following are met: 

(a) the new owner(s) takes responsibility for the 
WPSs and PQRs; 

(b) the WPSs reflect the name of the new owner(s); 
(c)  the Quality Control SystedQuality Assurance 

Program reflects the source of the PQRs as being from 
the former manufacturer or contractor. 

QW-202 Type of Tests Required 

QW-202.1 Mechanical Tests. The type and number 
of test specimens which shall be tested to qualify a 
groove weld procedure are given in QW-451, and shall 

QW-W.4 PROCEDURE QUALIFICATIONS QW-202.1 
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PROCEDURE QUALIFICATIONS 

QW-253 
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS) 

Shielded Metal-Arc (SMAW) 

Brlef of Variables 

I .33 I Q AWSclass. X 

.I + Position X 

.2 Q Position X 

.3 Q t J  Vertical welding X 

QW-405 
Positions 

I n  X I - I n . . . x .  

i n  X 

rtical welding X 

.1 Decrease > 100°F X 

.2 Q Preheat maint. X 

.3 Increase > 100°F ( IP) X 

QW-406 
Preheat 

1 

.1 Cp PWHT X 

.2 Q PWHT (T & T range) X QW-407 
PWHT 

.4 T Limits X 

.1 > Heat input X 
QW-409 
Electrical .4 Q Current or polarity X X 

X Characteristics .8 Cp I & E range 

.1 Cp String/weave X 

.5 Q Method cleaning X 

.6 Q Method back gouge X 

.25 Q Manual or automatic X 

QW-410 
Technique 

I .26 I C Peenins I I I x  

Legend: 
+ Addition > Increaselgreater than t Uphill t Forehand Q Change 
- Deletion < Decreaselless than 1 Downhill + Backhand 
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PROCEDURE QUALIFICATIONS 

ParaaraDh Brief of Variables 

QW-255 (CONT’D) 
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS) 

Gas Metal-Arc Welding (GMAW and FCAW) 

Supplementary 
Essential Essential Nonessential 

Characteristics 

Legend: 
+ Addition > Increaselgreaterthan f Uphill t Forehand 4 Change - Deletion < Decreaselless than & Downhill -+ Backhand 
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QW-283 PROCEDURE QUALIFICATIONS QW-286 

QW-283 Welds With Buttering 

QW-283.1 Scope. This paragraph only applies when 
the essential variables for the buttering process are 
different than the essential variables for the process 
used for subsequent completion of the joint. Common 
examples are: 

( I )  the buttered member is heat treated and the 
completed weld is not heat treated after welding; and 

(2) the filler metal used for buttering has a different 
F-number from that used for the subsequent completion 
of the weld. 

QW-283.2 Tests Required. The procedure shall be 
qualified by buttering the test coupon (including heat 
treating of the buttered member when this will be done 
in production welding) and then making the subsequent 
weld joining the members. The variables for the but- 
tering and for the subsequent weld shall be in accordance 
with QW-250, except that QW-409.1 shall be an essen- 
tial variable for the welding process(es) used to complete 
the weld when the minimum buttering thickness is less 
than 3 / r 6  in. (4.8 mm). Mechanical testing of the 
completed weldment shall be in accordance with QW- 
202.2(a). 

If the buttering is done with filler metal of the same 
composition as the filler metal used to complete the 
weld, one weld test coupon may be used to qualify 
the dissimilar metal joint by welding the first member 
directly to the second member in accordance with 
Section E. 

QW-283.3 Buttering Thickness. The thickness of 
buttering which shall remain on the production buttered 
member after all machining and grinding is completed 
and before subsequent completion of the joint shall be 
required by the WPS. When this thickness is less than 
3/16 in. (4.8 mm), the thickness of buttering on the 
test coupon shall be measured before the buttered 
member is welded to the second member. This thickness 
shall become the minimum qualified thickness of but- 
tering. 

QW-283.4 Multiple Organizations. When one orga- 
nization butters a member and a second organization 
completes the weld, the second organization shall also 
qualify the procedure in accordance with QW-283. The 
Lrering thickness shall not be greater, nor the heat 
input higher than that which was qualified by the first 
organization. The second organization may substitute 
any base metal which has an assigned P-Number and 
a chemical analysis nominally matching the chemical 
analysis of the buttering weld metal for the buttered 
base metal of the procedure qualification test coupon. 

QW-284 Resistance Welding Machine 98 
Qualification A99 

Each resistance welding machine shall be tested to 
determine its ability to make welds consistently and 
reproducibly. A machine shall be requalified whenever 
it is rebuilt, moved to a new location requiring a change 
in power supply, when the power supply is changed, 
or any other significant change is made to the equipment. 
Spot and projection welding machine qualification test- 
ing shall consist of making a set of 100 consecutive 
welds. Every fifth of these welds shall be subjected 
to mechanical shear tests. Five welds, which shall 
include one of the first five and one of the last five 
of the set shall be metallographically examined. Seam 
welding machine qualification testing shall be the same 
as procedure qualification testing required per QW-286. 
Maintenance or adjustment of the welding machine 
shall not be permitted during welding of a set of test 
welds. Qualification testing on any P-No. 21 through 
P-No. 25 aluminum alloy shall qualify the machine for 
all materials. Qualification on P-No. 1 through P-No. 
11 iron-base alloys and any P-No. 41 through P-No. 
47 nickel-base alloys shall qualify the machine for all 

No. 47 metals. Testing and acceptance criteria shall 
be in accordance with QW-196. 

P-NO. 1 through P-NO. 11 and P-NO. 41 through P- 

QW-285 Resistance Spot and Projection Weld 
Procedure Qualification 

Procedure qualification testing for spot or projection 
welds shall be done following a Welding Procedure 
Specification, and it shall consist of making a set of 
10 consecutive welds. Five of these welds shall be 
subjected to mechanical shear tests and five to metallo- 
graphic examination. Examination, testing, and accept- 
ance criteria shall be in accordance with QW-196. 

QW-286 Resistance Seam Weld Procedure 
Qualification 

Plates shall be prepared by welding or brazing a 
pipe nipple to one of the plates at a hole in one of 
the plates, and then the plates shall be welded around 
the edges, sealing the space between the plates as 
shown in QW-462.7. The space between the plates 
shaIl be pressurized until failure occurs. The procedure 
qualification is acceptable if failure occurs in the base 
metal. An additional seam weld at least 6 in. (152 mm) 
long shall be made between plates of the same thickness 
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QW-302.2 PERFORMANCE QUALIFICATIONS QW-304.1 
- 

QW-302.2 Radiographic Examination. When the 
welder or welding operator is qualified by radiographic 
examination, as permitted in QW-304 for welders and 
QW-305 for welding operators, the minimum length 
of coupon(s) to be examined shall be 6 in. (152 mm) 
and shall include the entire weld circumference for 
pipe(s), except that for small diameter pipe, multiple 
coupons may be required, but the number need not 
exceed four consecutively made test coupons. The 
radiographic technique and acceptance criteria shall be 
in accordance with QW-191. 

QW-302.3 Test Coupons in Pipe. For test coupons 
made on pipe in position 1G or 2G of QW-461.4, two 
specimens shall be removed as shown for bend speci- 
mens in QW-463.2(d) or QW-463.2(e), omitting the 
specimens in the upper-right and lower-left quadrants, 
and replacing the root-bend specimen in the upper-left 
quadrant of QW-463.2(d) with a face-bend specimen. 
For test coupons made on pipe in position 5G or 6G 
of QW-461.4, specimens shall be removed in accordance 
with QW-463.2(d) or QW-463.2(e) and all four speci- 
mens shall pass the test. For test coupons made in 
both positions 2G and 5G on a single pipe test coupon, 
specimens shall be removed in accordance with QW- 
463.2(f) or QW-463.2k). 

QW-302.4 V i  Examination. For plate coupons 
all surfaces (except afeas designated "discard") shall 
be examined visually per QW-194 before cutting of bend 
specimens. Pipe coupons shall be visually examined 
per QW-194 over the entire circumference, inside and 
outside. 

QW-303 Limits of Qualified Positions and 
Diameters 
(See QW-461) 

QW-303.1 Groove Welds - General. Welders and 
welding operators who pass the required tests for groove 
welds in the test positions of QW-461.9 shall be 
qualified for the positions of groove welds and fillet 
welds shown in QW-461.9. In addition, welders and 
welding operators who pass the required tests for groove 
welds shall also be qualified to make fillet welds in 
all thicknesses and pipe diameters of any size within 
the limits of the welding variables of QW-350 or QW- 
360, as applicable. 

QW-303.2 Fillet Welds - General. Welders and 
welding operators who pass the required tests for fillet 
welds in the test positions of QW-461.9 shall be 
qualified for the positions of fillet welds shown in QW- 
461.9. Welders and welding operators who pass the 
tests for fillet welds shall be qualified to make fillet 

welds only in the thicknesses of material, sizes of fillet 
welds, and diameters of pipe and tube 27/8 in. (73 mm) 
O.D. and over, as shown in QW-452.5, within the 
applicable essential variables. Welders and welding 
operators who make fillet welds on pipe or tube less 
than 2'/8 in. (73 mm) O.D. must pass the pipe fillet 
weld test per QW-452.4 or the required mechanical 
tests in QW-304 and QW-305 as applicable. 

QW-3033 Special Positions. A fabricator who does 
production welding in a special orientation may make 
the tests for performance qualification in this specific 
orientation. Such qualifications are valid only for the 
flat position and for the special positions actually tested, 
except that an angular deviation of -+ 15 deg. is permitted 
in the inclination of the weld axis and the rotation of 
the weld face, as defined in QW-461.1 and QW-461.2. 

QW-303.4 Stud-Weld Positions. Qualification in the 
4s  position also qualifies for the 1 s  position. Qualifica- 
tion in the 4s  and 2s positions qualifies for all positions. 

QW-304 Welders A99 

Except for the special requirements of QW-380, each 
welder who welds under the rules of the Code shall 
have passed the mechanical and visual examinations 
prescribed in QW-302.1 and QW-302.4 respectively. 
Alternatively, welders making a groove weld using 
SMAW, SAW, GTAW, PAW, and GMAW (except 
short-circuiting mode) or a combination of these pro- 
cesses, may be qualified by radiographic examination, 
except for P-No. 21 through P-No. 25, P-No. 51 through 
P-No. 53, and P-No. 61 through P-No. 62 metals. 
Welders making groove welds in P-No. 21 through P- 
No. 25 and P-No. 51 through P-No. 53 metals with the 
GTAW process may also be qualified by radiographic 
examination. The radiographic examination shall be in 
accordance with QW-302.2. 

A welder qualified to weld in accordance with one 
qualified WPS is also qualified to weld in accordance 
with other qualified WPSs, using the same welding 
process, within the limits of the essential variables of 
QW-350. 

QW-304.1 Examination. Welds made in test coupons 
for performance qualification may be examined by 
visual and mechanical examinations (QW-302.1, QW- 
302.4) or by radiography (QVv - - 32.2) for the process(es) 
and mode of arc transfer specified in QW-304. Altema- 
tively, a 6 in. (152 mm) length of the first production 
weld made by a welder using the process(es) and/or 
mode of arc transfer specified in QW-304 may be 
qualified by radiography. 
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QW-383.1 PERFORMANCE QUALIFICATIONS QW-3&4 

weld. Four side bend test specimens shall be removed 
from the completed test coupon and tested. The groove 
weld portion and the corrosion-resistant weld metal 
overlay portion of the test coupon shall be evaluated 
using the respective criteria in QW-163. Welders and 
welding operators qualified using composite test cou- 
pons are qualified to join base materials as provided 
by QW-301, and they are qualified to apply corrosion- 
resistant weld metal overlay as provided by QW-381. 

QW-383.2 Applied Linings 
(a) Welders and welding operators shall be qualified 

following the rules for making groove or fillet welds 
in accordance with QW-301. Plug welds for attaching 
applied linings shall be considered equivalent to fillet 
welds for the purpose of performance qualification. 

(b) An alternate test coupon shall consist of the 
geometry to be welded, except the base material need 
not exceed 1 in. (25 mm) in thickness. The welded 

test coupon shall be sectioned and etched to reveal the 
weld and heat-affected zone. The weld shall show 
penetration into the base metal. 

QW-384 ResistanCe Welding Operator A99 
Qualification 

Each welding operator shall be tested on each machine 
type which he will use. Qualification testing on any 
P-No. 21 through P-No. 25 metal shall qualify the 
operator for all materials. Qualification on any P-No. 
1 through P-No. 11 or any P-No. 41 through P-No. 
47 metals shall qualify the operator for all P-No. 1 
through P-No. 11 or P-No. 41 through P-No. 47 metals. 
Qualification testing shall consist of making a set of 
10 consecutive welds, five of which shall be subjected 
to mechanical shear tests or peel tests, and five to 
metallographic examination. Examination, testing, and 
acceptance criteria shall be in accordance with QW-196. 
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in the inclined fixed position, 6G, shall qualify for all 
positions. 

(b) A fabricator who does production welding in a 
particular orientation may make the tests for procedure 
qualification in this particular orientation. Such qualifi- 
cations are valid only for the positions actually tested, 
except that an angular deviation of 2 15 deg. is permitted 
in the inclination of the weld axis and the rotation of 
the weld face as defined in QW-461.1. A test specimen 
shall be taken from the test coupon in each special 
orientation. 

(c) For hardfacing weld metal overlay, qualification 
in the 3G, 5G, or 6G positions, where 5G or 6G pipe 
coupons include at least one vertical segment completed 
utilizing the up-hill progression or a 3G plate coupon 
is completed utilizing the up-hill progression, shall 
qualify for all positions. Chemical analysis, hardness, 
and macro-etch tests required in QW-453 may be limited 
to a single, vertical up-hill overlaid segment as shown 
in QW-462.W). 

(d) For hardfacing weld metal overlay, a change 
from vertical down to vertical up-hill progression shall 
require requalification. 

QW-406 Preheat 

QW-406.1 A decrease of more than 100°F (56°C) 
in the preheat temperature qualified. The minimum 
temperature for welding shall be specified in the WPS. 

QW-406.2 A change in the maintenance or reduction 
of preheat upon completion of welding prior to any 
required postweld heat treatment. 

QW-406.3 An increase of more than 100°F (56°C) 
in the maximum interpass temperature recorded on the 
PQR. This limitation does not apply when a WPS is 
qualified with a PWHT above the upper transformation 
temperature or when an austenitic material is solution 
annealed after welding. 

QW-406.4 A decrease of more than 100°F (56°C) 
in the preheat temperature qualified or an increase in 
the maximum interpass temperature recorded on the 
PQR. The minimum temperature for welding shall be 
specifed in the WPS. 

QW-406.5 A change in the maintenance or reduction 
of preheat upon completion of spraying and prior to 
fusing. 

QW-406.6 A change of more than 10% in the 
amplitude or number of preheating cycles from that 
qualified. 

QW-407 Postweld Heat Treatment 

QW-407.1 A separate procedure qualification is re- 
quired for each of the following conditions. 
(a) For P-No. 1, P-No. 3, P-No. 4, P-No. 5, P-No. 

6, P-No. 9, P-No. 10, and P-No. 11 materials, the 
following postweld heat treatment conditions apply: 

AS, 

(I) No P W ;  
(2) PWHT below the lower transformation temper- 

ature; 
(3) PWHT above the upper transformation temper- 

ature (e.g., normalizing); 
(4) PWHT above the upper transformation temper- 

ature followed by heat treatment below the lower 
transformation temperature (e.g., normalizing or quench- 
ing followed by tempering); 

(5) PWHT between the upper and lower transfor- 
mation temperatures. 

(b) For all other materials, the following postweld 
heat treatment conditions apply: 

(I) No PWHT; 
(2) PWHT within a specified temperature range. 

QW-407.2 A change in the postweld heat treatment 
(see QW-407.1) temperature and time range. 

The procedure qualification test shall be subjected 
to PWHT essentially equivalent to that encountered in 
the fabrication of production welds, including at least 
80% of the aggregate times at temperature(s). The 
PWHT total time(s) at temperature(s) may be applied 
in one heating cycle. 

ASS 

QW-407.4 For a procedure qualification test coupon 
receiving a postweld heat treatment in which the upper 
transformation temperature is exceeded, the maximum 
qualified thickness for production welds is 1.1 times 
the thickness of the test coupon. 

ASS 

QW-407.5 A separate procedure qualification is re- 

(a) No PWHT; 
(b) A change of more than 10% in the number of 

post heating cycles following the welding interval; 
(c)  PWHT within a specified temperature and time 

range if heat treatment is performed separately from 
the welding operation. 

A99 
quired for each of the following conditions: 
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QW-407.6 A change in postweld heat trea:# aent 
condition in QW-407.1 or an increase of 25% or more 
in total time at postweld heat treating temperature. 

QW-407.7 A change in the heat treatment temperature 
range qualified if heat treatment is applied after fusing. 



QW-409.3 WELDING DATA QW-409.26 
- 

QW-409.3 The addition or deletion of pulsing current 
to dc power source. 

QW-409.4 A change from ac to dc, or vice versa; 
and in dc welding, a change from electrode negative 
(straight polarity) to elecyode positive (reverse polarity), 
or vice versa. 

QW-409.5 A change of 215% from the amperage 
or voltage ranges in the qualified WPS. 

QW-409.6 A change in the beam current of more 
than 2 5 % ,  voltage of more than +2%, welding speed 
of more than t2%, beam focus current of more than 
25C, gun-to-work distance of more than 2 5 % ,  or a 
zhange in oscillation length or width of more than 
t20% from those previously qualified. 

QW-409.7 Any change in the beam pulsing frequency 
duration from that qualified. 

QW-409.8 A change in the range of amperage, or 
except for SMAW and GTAW welding, a change in 
the range of voltage. A change in the range of electrode 
wire feed speed may be used as an alternative to 
amperage. 

QW-409.9 A change in the arc timing of more than 

QW-409.10 A change in amperage of more than 

QW-409.11 A change in the power source from one 

QW-409.12 A change in type or size of tungsten 

sec. 

2 10%. 

model to another. 

electrode. 

QW-409.13 A change in the shape or dimensions 
of the welding electrode; a change from one RWMA 
(Resistance Welding Manufacturer’s Association) class 
electrode material to another. 

QW-409.14 Addition or deletion of upslope or down- 
slope current control, or a change of more than 10% 
in the slope current time or amplitude. 

QW-409.15 A change of more than 5% in the 
electrode pressure, the welding current, or the welding 
time cycle from that qualified, except that requalification 
is not required if there is a change of not more than 
10% in either the electrode pressure or the welding 
current or the welding time cycle, provided the re- 
maining two variables remain at the values qualified. 
A change from ac to dc or vice versa. The addition 
or deletion of pulsing current to a dc power source. 
When using pulsing dc current, a change of more than 

5% in the pulse amplitude, width, or number of pulses 
per cycle from that qualified. 

QW-409.16 A change from synchronous to asynchro- 
nous timing. 

QW-409.17 A change in the power supply primary 
voltage or frequency, or in the transformer turns ratio, 
tap setting, choke position, secondary open circuit volt- 
age or phase control setting. 

QW-409.18 A change in the procedure or frequency 
of tip cleaning. 

QW-409.19 Any change in the beam pulsing fre- 
quency and pulse duration from that qualified. 

QW-409.20 Any change in the following variables: 
mode of operation (from pulsed to continuous and 
vice versa), energy distribution across the beam @e., 
multimode or gaussian). 

QW-409.21 Any change in the following variables: 
a change of more than 5% in the power delivered to 
the work surface as measured by calorimeter or other 
equivalent methods; a change of more than 2% in the 
travel speed; a change of more than 2% of the ratio 
of the beam diameter to focal length; a change of more 
than 2% of the lens to work distance. 

QW-409.22 An increase of more than 10% in the 
amperage used in application for the first layer. 

QW-409.23 A change of more than 10% in the 
ranges of amperage or voltage qualified. 

QW-409.24 A change of more than 10% in the filler 
wire wattage recorded on the PQR. Wattage is a function 
of current voltage, and stickout dimension. 

QW-409.25 A change of more than 10% in the 
plasma-arc current or voltage recorded on the PQR. 

QW-409.26 For the first layer only, an increase in 
heat input of more than 10% or an increase in volume 
of weld metal deposited per unit length of weld of 
more than 10% over that qualified. The increase may 
be measured by either of the following: 

(a) Heat input (J/in.) 

- Voltage x Amperage x 60 - 
Travel Speed (in. Imin) 

(b) Volume of Weld Metal = an increase in bead 
size or a decrease in length of weld bead per unit 
length of electrode. 
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QW-420 Material Groupings 

A99 QW-420.1 P-Numbers. To reduce the number of 
welding and brazing procedure qualifications required, 
base metals have been assigned P-Numbers, and for 
ferrous base metals which have specified impact test 
requirements, Group Numbers within P-Numbers. These 
assignments are based essentially on comparable base 
metal characteristics, such as composition, weldability, 
brazeabiiity, and mechanical properties, where this can 
logically be done. These assignments do not imply that 
base metals may be indiscriminately substituted for a 
base metal which was used in the qualification test 
without consideration of compatibility from the stand- 
point of metallurgical properties, postweld heat treat- 
ment, design, mechanical properties, and service require- 
ments. Where notch toughness is a consideration, it is 
presupposed that the base metals meet the specific 
requirements. 

Base Metal 
Steel and steel 

alloys 

Aluminum and ah- 
minum-base 
alloys 

Copper and cop- 
per-base alloys 

Nickel and nickel- 
base. alloys 

Titanium and tita- 
nium-base alloys 

Zirconium and zir- 
conium-base 
alloys 

Welding 

P-NO. 1 through P- 
NO. 1 1  hcl. P- 
No. SA, 5B. and 
sc 

P-NO. 25 
P-NO. 21 through 

P-NO. 31 through 
P-NO. 35 

P-NO. 41 through 
P-NO. 47 

P-NO. 51 through 
P-NO. 53 

P-NO. 61 through 
P-NO. 62 

Brazing 

P-NO. 101 through 
P-NO. 103 

P-NO. 104 a d  P- 
No. 105 

P-N0.107 and P-NO. 
108 

P-NO. 110 through 
P-NO. 112 

P-No. 115 

P-NO. 117 

When a base metal with a UNS number designation 
is assigned a P-Number or P-Number plus Group 
Number, then a base metal listed in a different ASME 
material specification with the same UNS number shall 
be considered that P-Number or P-Number plus Group 
Number. For example, SB-163, UNS NO8800 is P- 
Number 45; therefore, all ASME specifications listing 
a base metal with the UNS NO8800 designation shall 
be considered P-Number 45 (i.e., SB-407, SB-408, SB- 
514, etc.) whether or not these specifications are listed 
in QWlQB-422. Since a minimum tensile value is 
required for procedure qualification, only base metals 
listed in QWlQB-422 may be used for test coupons 
as defined in QW-424. 

In those instances where materials in the 1971 Edition 
of this Section have been given different P-Numbers 
or assigned to Subgroups within a P-Number in the 
1974 Edition of this Section, those procedure and ._ 

perfonnance qualifications will continue to be valid 
based on the new P-Number designation. 
In the column heading “Minimum Specified Tensile, 

hi” of QW/QB-422, the values given are those of the 
base metal specification, except as otherwise identified 
in QW-153 or QB-153. These are also the accepmce 
values for the room temperature tensile tests of the 
welding or brazing procedure qualification, except as 
otherwise allowed in QW-153 or QB-153. 

QW-420.2 S-Numbers Won-Mandatory). S-Num- 
bers are a listing of materials which are acceptable for 
use by the ASME B31 Code for Pressure Piping, or 
by selected Boiler and and Pressure Vessel Code Cases, 
but which are not included within ASME Boiler and 
Pressure Code Material Specifications (Section II). 
These materials are grouped in S-Number or S-Number 
plus Group Number groupings similar to the P-Number 
groupings. There is no mandatory requirement that S -  
Numbers be used. 

Brazing or Welding Procedure Qualification with a 
base metal in one P-Number (or P-Number plus Group 
Number) or one S-Number (or S-Number plus Group 
Number), qualifies for all other base metals in the same 
S-Number grouping. Also, qualification with a base 
metal in one S-Number, or S-Number plus Group 
Number, qualifies for all other base metals in the 
same S-Number grouping. Qualifications for S-Number 
materials do not qualify corresponding P-Number mate- 
rials. Base metals not assigned an S-Number or a P- 
Number shall require individual procedure qualification. 

Material produced under an ASTM specification shall 
be considered to have the same S-Number or S-Number 
plus Group Number as that of the P-Number or P-Number 
plus Group Number assigned to the same grade or type 
material in the corresponding ASME specification (Le., 
SA-240 Type 304 is assigned P-Number 8, Group Number 
1; therefore, A 240 Type 304 is considered S-Number 8, 
Group Number 1). Additionally, when a base metal with a 
UNS number designation is assigned an S-Number or S- 
Number plus Group Number, then a base metal listed in a 
different material specification with the same UNS number 
shall be considered that S-Number or S-Number plus 
Group Number. Since a minimum tensile value is required 
for procedure qualification, only base metals listed in 
QWIQB-422 may be used for test coupons. 

For Performance Qualification of brazers, welders, 
brazing operators, and welding operators, the require- 
ments for P-Numbers of base metals shall also be 
applied to the same S-Numbers of base metals. Qualifi- 
cation with P-Numbers in accordance with QB-310.3 
and QW-403.18 qualifies for corresponding S-Numbers 
and vice versa. 

A99 
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. . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  

. . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  

m m m m m m m m m m  

0 0 m e d N N m 0 0  o o o o m m m l n o o  
N b P P P P P W ' L n Q  
0 0 0 0 0 0 0 0 0 0  

v ) I n I n v ) v ) I n I n I n I n w  
m m m m m m m m m m  

. . . . .  . . . . .  . . . . .  

N N N N N  
0 0 0 0 0  
d d r l d r l  

. . . . .  

. . . . .  . . . . .  . . . . .  

N N N N N  

m m m m m  

m m e o +  
m e e m e  
m m m m m  

r l o o u d -  
0 0 0 0 0  

v ) I n I n I n v )  

0 P -0 .E .E .E .P 
L L L L L L L  
- + e . U c c +  
u l u l u l u l u l u l u l  

.E P .P .P .E 

d d d d d  

L L L L L  
- * *+ . I -  
u l v l v l u l u l  

3 e- c- -- 3 w o w w w  w w w w w  

5 5 5 5 5  
w - d d d d  
m m m m m  
n n a n a  
+.+*e4 

z ?  

. . . . . . .  . . . . . . .  

N N N N N N N  
0 0 0 0 0 0 0  
d d r ( d d d r (  

. . . . . . .  . . . . . . .  . . . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  

N N N N d t d  

I I  
d d  

m m m m o m o  

m o d o o a o  o a P m o m 9  
O O O O N N N  
d d d d r ( r l d  m m m m m m m  
I n I n w I n v ) v ) v )  

0 0 0 0 0 0 0  
* P * P P P P  
N N N N N N N  

c n ~ I n v ) I n v ) v )  
k i k k i k k  

.- 9 
+ v  

o o o b b  
z 2 z z 2  

v u v v v  L L L L L  

.I L .I .I .I 
z z z z z  
N N N N N  
d d d d d  

9 9 9 9 9  
d d d d d  

. . . . .  . . . . .  

N N N N N  
0 0 0 0 0  
d d r l d r l  

. . . . .  . . . . .  

. . .  . . .  . . .  

N N N  
0 0 0  
d d d  

. . .  . . .  . . .  

. . .  
. . . . .  

m m m m m  m m m  

o m e l n o  o o o m a  
9 9 9 9 9  
d d d d d  m m m m m  
I n ~ I n v ) I n  

.- n 
J I t V  

9 9 9 9 9  
d d + r ( d  
m m m m m  
w w w w w  n n n n n  
% & % A h  + + + + +  

w w w  n a n  
I-"?? 
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WELDING DATA QWlQB-422 

Y W W  z n n  
3 3 3  
J U U  
Y W W  

Y W W  

: 3 3  

z s  
E Z  
n N  

f .I .- 
! L L  

I d  

r \ z z  - r m m  

> v v  
u m m  
U F l d  

. . .  . . .  . . .  

U N N  
3 0 0  
- 4 r ( r (  

. . .  . . .  . . .  

. . .  . . .  . . .  

m m d  

m m m  

zzr 

0 0 0  
4 0 0  
0'0O 
O b 0  
N N m  
m m m  

0'0' A N  

x x z  
n a n  
+ I - +  

0'0'0' 
O O O  
? J Y ?  

2 2 2 2 2  
3 3 3 3 3  
u u u v u  w w w w w  

w w w w w  
= B E = =  

3 3 3 3 3  

. . . . .  . . . . .  . . . . .  

N N N N N  
0 0 0 0 0  
r ( r ( d d d  

. . . . .  . . . . .  

. . . . .  . . . . .  

2 4 2 2  
3 3 3 3  
Z Z F Z  
" = E =  
3 3 3 3  
w w w w  

. . . .  . . . .  . . . .  

N N N N  
0 0 0 0  
, + A d d  

. . . .  

. . . .  . . . .  

N N N N  

m m m m  

n 
n u  

W I V I  
0'0'0'0' 
0 0 0 0  m m m m  
n n n n  
+ + I - +  

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  

N N N N N N N N N  
0 0 0 0 0 0 0 0 0  
d r ( r ( r ( r ( r ( r ( r ( d  

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  

N N N N N P d d d  

m m m m m m m m m  

z z  

2 2 2 2 2 2 2  
3 3 3 3 3 3 3  
u u u u u u u  w w w w w w w  
P B = E = = E  w w w w w w w  

3 3 3 3 3 3 3  

U U U U T I U  w w w w w w  = = = E o =  w w w w w w  

3 3 3 3 3 3  

. - n n n n Z  

.I .I I .L .I .I 
O O O O O ~  

L L L L L L  

+ - - U V V V N  

z z z z z z  
r ( r ( d r ( r ( r (  

v v v u v v  
r ( r ( r ( d r ( r (  
m m m m m m  

. . . . . . .  . . . . . . .  . . . . . . .  

N N N N N N N  0 0 0 0 0 0 0  
d r ( d r ( r ( r ( r (  

. . . . . . .  . . . . . . .  . . . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  

m m m m m m m  

. . . . . .  

. . . .  

N N N N N N  
0 0 0 0 0 0  
r ( r ( A r ( r ( r (  

. . . . . .  . . . . . .  

. . . . . .  . . . . . .  

m m m m m m  
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A 

? z 
0 

WELDING DATA QWIQB-422 

I 
N N N N N N N N N  . . . . . . . . . . . . . . . . . . . . . . .  
0 0  0 0  0 0 0 0 0  . . . . . . . . . . . . . . . . . . . . . . .  
d d  d d  d d d d d  . . . . . . . . . . . . . . . . . . . . . . .  

. *  . .  * .  d d d d  d d d  d d d d d  N N N N N N N N N  N N  . . . . . . . . .  0 0 0 0  0 0 0  0 0 0 0 0  0 0 0 0 0 0 0 0 0  0 0  . . . . . . . . .  d d d d  d d d  d d d d d  d d d d d d d d h  d d  

. . . . . . . . . . . . . . . . . . . . . . .  m m  m m  m m m m s  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  . . . . . . . . .  d d d d  d d d  N N W m M  m m m d d d d d d  N N  . . . . . . . . .  

m o  m o  m o m o m  m o m 0  m o m  m m o o 0  O O m o m o m m  r c m  
r c r c  r c r c  r c r c r c h . D  w m m 9  o m m  rc r c m m m  sgsrcr.r.mbr. mr. 
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WELDING DATA QWIQB-422 

cn P: 

11486.11 

a 
V 

. . . .  . . . .  

. . . .  . . . .  . . . .  

. . . .  . . . .  . . . .  

m m m o  

 ma 

o m d Q  e o e m  
d N d d  

Y Y Y Y  

m m m m  m m m m  
3 3 3 3  
2 2 2 2  

41414141x.8 
3 3 3 3 3 3  
P B " X B B  
3 3 3 3 3 3  
E E 4 ; E S l )  w w w w w w  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

s m m m c o o  
O O o m d P  o o e o e m  m m d N d d  
O O N N m U 3  
Y Y Y Y Y Y  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

m m o o o o  m m . 0 9 . 0 9  

m m m m m m  m m m m m m  
3 3 3 3 3 3  
2 2 2 2 2 2  

. . . . . .  . . . . . .  . . . . . .  

N N N N N N  
0 0 0 0 0 0  
d d d d d d  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

arnmrnmrn m m m m m m  

o o o o o m  
. a ~ . o ~ . n a  

l n l n l n l n l n  m m m m m  
r E . C E . 5  
P P P P F  
0 0 0 0 0  u u u u u  

. . . . .  . . . . .  . . . . .  

N N N N N  
0 0 0 0 0  
d d d d d  

. . . . .  . . . . .  . . . . .  

. . . . .  . . . . .  . . . . .  

d N m  . . .  

9 9 . 0 9 9  m m m m m  
3 3 3 3 3  a a e e a  
v)v)v)v)v) 

. . . . .  . . . . .  . . . . .  

d N N N N  
0 0 0 0 0  
d r l d d d  

. . . . .  . . . . .  . . . . .  

. . . . .  . . . . .  . . . . .  

, a a a a  m m m m  

9 9 9 9 9  m m m m m  
3 3 3 3 3  
s s s 2 2  

ln ln  m m  
.E E 
P P  
0 0  u u  

rn 
F >  

ZL 
L m  o"! 

I 

0 
A ?  
+ u  

m N  

. .  . .  . .  

N .  
0 '  
d .  

. .  . .  . .  

. .  . .  . .  

d d  

v o  m m  

m m  a m  

o m  m m  
d +  
m m  

a a  

z 
> N  
m N  u u  

9.0 m m  
3 3  

83 



WELDING DATA QWIQB-422 

I 

. . . . . . . .  . . . . . . . .  . . . . . . . .  
. . . . . . .  . . . . . . .  . . . . . . .  

. . . . .  . . . . .  . . . . .  
. . .  . . .  . . . .  

d d N N  
0 0 0 0  
d d d d  

N N N N N N N N  
0 0 0 0 0 0 0 0  
d d d d d d d d  

. . . . .  4 . . . . .  d . . . . .  4 

. . . . .  . . . . .  . . . . .  
. . . .  . . . .  . . . .  . . . . . . .  . . . . . .  . d  . . . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  

. . . . . .  .I . . . . . .  '0 
' d  . . . . . .  

. . . .  . . . .  . . . .  . . . . . . .  . . . . . . .  . . . . . . .  

. . .  
N N m N . .  . . . .  

. . . . . .  . . . . . .  . . . . . .  

11 

d d  * 
m m m m a o o  

. . . . . .  . . . . . .  . . . . . .  

O O O O N V I  m m l - l - . ~ a  

O O V I O  
V I O d P  
V I V I N V I  
d d N d  
m P P m  
7 - 7 7  

d d d d d d  
V I V I V I V I V I V I  m m m m m m  
a a a a a a  
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WELDING DATA QWlQB-422 

O W  W W W  
-0 -0 4 B .s .s 
Q Q Q Q Q P  

W W W W W W  
.E .s CL .s .E a a n n a n ~  

W W W W W W W  
.E .E .o a .o .s -0 
~ Q Q Q ~ Q Q  

n 
F 

2 
z 
0 

U U V V V  

. . . . . .  . . . . . .  . . . . . .  
. . . . . . .  . . . . . . .  . . . . . . .  . .  . . . . . .  . . . . . .  . .  

-Id 

3 0  AP4 

N N N N N N  
0 0 0 0 0 0  
d 4 d d d d  

N N N N N N  
0 0 0 0 0 0  
d d d d d d  

N N N N N N N  
0 0 0 0 0 0 0  
d d d d d d d  

N N  
0 0  d d  

. . . . .  . . . . .  . . . . .  
. . . . . .  . . . . . .  . . . . . .  

0 a d  
2 2  cs 

. . . . . .  . . . . . .  . . . . . .  
. . . . . .  . . . . . .  . . . . . .  

. . . . . . .  . .  
N N N N N N  . .  

* .  . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . .  . .  

d d  

P Q  

Q 
= o  2 2  a 

. . . . .  . . . . .  . . . . .  
. . . . . .  . . . . . .  . . . . . .  d N  d d d d d d  

r ig  
. . . . .  . . . . .  . . . . .  

. . . . . .  . . . . . .  . . . . . .  d d  m m m m m m  m m m m m m  m m m m m m ~  

o m o m m m m  
I.I.I.I.I.I.I. 

m o m m o m  
I.I.I.I.mI. 

m m o m m o  
I.I.mI.I.m 

O O N m P  
9 9 9 9 9  

o m  at. 

O O P d W  O C F d m v 1 9  O O P m O P O  
. 0 0 0 m I n  O O V I O N N  0 0 0 0 0 0 0  
. P Q P P P  9 9 9 9 I . b  d ~ 6 d d I . I . W  
. O O O O O  d d d d d d  N N N N P P P  

v ) v ) v ) w v )  v)u)u-Jncncnfn v)nmv)nmmv)v)  
m m m m m  m m m m m m  m m m m m m m  

m 
d . . . .  
0 .  . . .  m . . . .  
0 
Y 

I.I. m m  
I.I. d d  
d d  
Y Y  

. . . . . .  . . . . . .  . . . . . .  

L I  L 
rl d d d I. I. OD 
N N N N Q P P  m m m m m m m  
t t t t l - t t  
n n a n a a a  

a m  

9 9 9 9 9 9  
I.I.I.+I.I. 
3 3 3 3 3 3  s s s s s s  

9 9 9 9 9 9 9  
I.I.I.I.I.I.I. 
3 3 3 3 3 3 3  s s s s s s s  

I.I. 
cow 
3 3  
2 s  

9 9 9 9 9 9  
I.I.I.I.I.I. 
3 3 3 3 3 3  

N N  
I.+ 
3 3  
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WELDING DATA QWlQB-422 

o m o m  
.E .E E E t : s s  
m m m m  
E .E .E .E 
.[I .e .o .o 
a a a a  

y . c c c  

w w w  .o .e .o .& 2% 
n n a a a  

u w w  es-0 
P O P  

9 3 3  
OPF 
!;; 

n 
b V  
I I  
E Z Z  
+ N N  
4 d d  

-I- 

L L L  
, ' v u  4 m m  
U N N  

. . .  . . .  . . .  

N N N  
3 0 0  
A . 4 4  

. . .  . . .  . . .  

. . .  . . .  . . .  

N N N  

w w w  

r c m m  
w r c r c  

u i w o  
- + O b  
w e e  
0 0 0  m m m  m m m  

n 

w o o  

ml-I-  

2$$ 
z 2 2  

* e m  
0 0 0  
Y Y Y  

F E F E E F  
= = = P E E  
3 3 3 2 3 3  
w w w w w w  

E F F F F  

3 3 3 2 3  
3 E 3 3 E  
w w a l w w  

4 - 4 - 4 - 4 - + I C  w w w w w w w  w w w w w w w  C c C c C r T  m m m m m m l n  

. . . . . .  . . . . . .  . . . . . .  
. . . . .  . . . . .  . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  
. . . . . .  . . . . . .  . . . . . .  . . . .  . . . .  

N N N N N N  
0 0 0 0 0 0  
r ( r ( d d d d  

N N N N N  
0 0 0 0 0  
d d d d d  

. . . .  . . . .  . . . .  
. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  

. . . . .  . . . . .  . . . . .  
. . . . . . .  . . . . . . .  . . . . . . .  

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  
. . . . .  . . . . .  . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  
. . . .  . . . .  . . . .  

m m w w m m  m o 3 m w w  

o m m o  
9 9 9 %  

m o m m u i  
b r n b b r c  

o o o o m o  
9 9 9 b 9 b  

m o  . m  . P  . o  . m  
. N  . r (  

r 2  

v 1 9 0 0 0  
N N O O O  
b r c r ( b W  
r l r l N b b  m m m m m  
m m l n m m  

0 0 0 0  
N N N N  g g g g  
m m l n l n  

9 9 9 9 9 9  
N N N N N N  
P b b b b b  
i i i a a i  f n m m m m m  
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WELDING DATA QW/QB-422 

h 

n 
F 

Y 
z 
0 . . .  . . .  . . .  

. . .  

. . .  . . .  

N N N  

d r ( +  

o m m  
h r - b  

0 0 0  
0 0 0  m m m  m m m  
2 2 s  

. . .  . . .  . . .  

l n m m  m m l n  
P T T  
2 2 2  

. . . . .  . . . . .  . . . . .  

N N N N N  
0 0 0 0 0  
d r ( d * r (  

. . . . .  . . . . .  

. . . . .  . . . . .  . . . . .  

m m m m m  

m m c o m m  

o o o l n o  
: 0 ' 0 ' 0 ' 0 '  

o o m o a  
l -40000 - 9 9 m 0 '  
O d r ( d r (  
N N N N N  
c n c n c n c n c n  

w w w w w  a n n a a  m m m m m  
5 5 5 5 5  

w w w w w w  
09880% 
5 5 5 5 5 5  

d d d d d  

. . . . .  . . . . .  . . . . .  

N N N C U N  
0 0 0 0 0  
r ( r ( d d d  

. . . . .  . . . . .  . . . . .  

. . . . .  

m m m c o c o  

o o o m 0 '  
0 0 0 0 0  
O N U 0 0  
0 0 0 0 0  

c n c n c n f n c n  
~ m m m m  

L L L L L  
u v v v v  m m 0 I Y . n  
N N N A d  

. . . . . .  . . . . . .  

N N N N N N  
0 0 0 0 0 0  
d r ( r ( r ( r ( d  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

d d r ( N N N  

m a m m m m  

d m o m m o  

0 0 0 0 0 0  m m m m m m  
m m c n c n m c n  

m l n o r ( 0 u  u 0 ~ m - u -  

2 8 2  n 
z ~ ~ m m v  
0 0 0 0 0 ' 0 '  o o m m o o  m m m c n m m  

. . . . .  . . . . .  . . . . .  

N N N N N  
0 0 0 0 0  
r ( d d d r (  

. . . . .  . . . . .  . . . . .  

. . . . .  . . . . .  . . . . .  

N N 0 l - A  

m m m m m  

a o u o m  o a m o o  
0 0 N Q 9  
r ( r ( * r ( r (  m m m m m  
c n c n ~ c n c n  

. . . . . . . .  . . . . . . . .  . . . . . . . .  

N N N N N N N N  
0 0 0 0 0 0 0 0  
d * r ( r ( r ( r ( r ( r (  

. . . . . . . .  . . . . . . . .  . . . . . . . .  

. . . . . . . .  . . . . . . . .  . . . . . . . .  

m m m m ~ m m m  
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WELDING DATA QWIQB-422 

X J J X X  m m m m m  
E E E E E  

w w  
Z Z  
t t  
n n  

v v  

r(r( 

0 0  r ( d  

. .  . .  * .  

t-ld 

r (r (  

. .  . .  . .  

. .  . .  . .  

~m .Dm 

In0 
0 0  
P I 0  
N W  
0 0  
Y Y  

o m  

0 0  
0 0  m m  
a <  

0, n a 
I- 

V 

rl 
0 

r( 

rl 

OD m 

0 
0 
0 m 
0 
Y 

4 
0 

a 

> >  

v v v u  

N 
t-l 
4 

P 
0 

0 
02 

N 
N 
0 
9 
N z 

s z 
X 
0 

P m 
-T z 

N 
t-l 
r( 

P 
Q 

N 
b 

b 
0 
d 
0 m 
t 

I 
? 
2 

P e 
P 
a 

. . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . .  

N N  
0 0  r (r (  

N N  

m m  
t-lt-l 

. .  . .  . .  

. .  . .  . .  

0 0  
or (  
r(r( 

. . . .  . . . .  . . . .  

. . . . .  . . . . .  . . . . .  
. . . . . . . .  . . . . . . . .  . . . . . . . .  t - l N N r n  

. . . . .  . . . . .  . . . . .  
. . . . . . . .  . . . . . . . .  . . . . . . . .  

. . . .  . . . .  . * . .  
. . . . .  . . . . .  . . . . .  m m r n m m  

. . . . .  . . . . .  . . . . .  m m m m r t  . . . .  . . . .  

0 0 0 0 0  
W O ' C Q ~ P -  

* P  
0 0  
9 9  r(r( 

N N  
Y Y  

N N . o . o N  
P P Q 9 0  
0 0 b b u - l  
N N N N M  

m o m s  

t - l r ( r ( r (  

0 0 0 0  A N N N  

u - , m n a  w w  

m m m m  
t - l r ( r ( r (  m m m m  
a a a a  

U P  r(r (  

m m  
a a  a a a a a  
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WELDING DATA QWlQB-422 

z .  
c"' 
W n 

v ) m  m m  
.E .E g g  
u u  

.- - z z  
m c r  

. .  . .  . .  

0 0  
r ( r (  

. .  . .  . .  

. .  . .  . .  

r ( r (  

5 5  
r ( r (  

0 0  
0 0  dr(  

0 0  u u  m m  
r ( r (  

Y Y  
l c m  

- 
- I  

W W  P O  

?-"F 

N N  
N N  
3 3  
2 2  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

m m q m m u  

m m m m m m  
m m m m m m  m l n m m m m  

v ) l n l n l n l n l n  
k i k i k k  

v ) v ) v ) v ) v I  m m m m m  
.E .E .E E E 
P P P P P  
0 0 0 0 0  
L L U L L U L L  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

m m u m m *  

. . . . . . . .  . . . . . . . .  . . . . . . . .  

. . . . . . . .  . . . . . . . .  

. . . . . . . .  . . . . . . . .  

m o o m o o L n o  
Q r- PI r- m lc r- OD 

l c l c l c l c l c l . l c r .  m m m m m m m m  ~ u u u P ~ u *  
N N N N N N N N  
r ( r ( d r ( r ( r ( r ( r (  
Y Y Y Y Y Y Y Y  

l c r - r - l c l c l c l c l c  m m m m m m m m  m m m m m m m m  
v) v)  m m rn m ln ln 
a a i i i i i a  

. . . . .  . . . . .  . . . . .  

. . . . .  . . . . .  . . . . .  

. . . . .  . . . . .  . . . . .  

N N r ( m m  

0 0 0 0 0  
r - l c m m u -  

m v I  m m  
.E .E 
P P  
0 0  u u  

> >  
v u  
0 0  

L L  
9 9  
b b  
1 1  

.I .L 
2 %  

2 2  
z z  
m l n  

. .  . .  . .  

r ( r (  
0 0  
r(r( 

. .  . .  . .  

. .  . .  . .  

m m  

m m  

0 0  coo' 

o m  
9 9  
blc 
N N  
d r (  
Y Y  

FIN 

v u  
. .  - -  

N' N' 

r ( r (  u u  
3 3  a a  
r n m  
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WELDING DATA QWIQB-422 

N 
N 

2 
3 
U 

U 

v v v v o v  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

N N N N l - l -  
0 0 0 0 0 0  
l n m l n l n m l n  
0 0 0 0 0 0  
Y Y Y Y Y Y  

N N N N N N  

0 0 0 0 0 0  
l - r - l - r - l - l -  
m l n l n l n l n m  

Z Z Z  
22% 
5 5 5  
d 'd d 

. . .  . . .  . . .  

. . .  . . .  . . .  

. . .  . . .  

o m m  
9 9 -  

. . .  . . .  . . .  

N O 0  
P L n 9  

N N N  
l-l-l- m l n m  

a a a a a a  a a a  a 

d d d d d o l l  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  

o o o m m m  m m m w q e  
P P P O O O  
r ( r ( r ( N N N  
r ( r ( r ( r ( r ( r (  

Y Y Y Y Y Y  

w m w w m w  
w w ( 0 w w w  m l n m m m m  
a a a a a a  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

~ ~ w w a a  

v v v  

. . .  * . .  . . .  

. . .  

. . .  . . .  . . .  

N L n W  
P P P  

0 0 0  
b l - b  

a m v  
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WELDING DATA QWlQB-422 

I I 

0 

f 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  r ( a m m  m * m m m  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  r ( r ( r ( r (  * * * e *  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  . . . . . . . . .  r ( r ( ( U m r ( r l  * N r ( r ( N N  r ( r ( r ( r ( t - 4  r ( . ( N m r ( r (  r ( N 4  . . . . . . . . .  

ONr . r - r (CU r r l o o r ( m r (  o o r ( o 0  Nr.r-r(N m o o  o o m m o o  o o o o o o  o o o o o  o m m o o  o o o  
N m . .  . : : : :  d N * P P l f  p r - O J m ( O r (  r - m O r ( N  N O * * *  Q b O J  
0 0 . .  . . . . .  N N N N N N  N N N N N r n  r ( r ( N N N  N N N N N  N N N  o o r ( r ( o 0  0 0 0 0 0 0  0 0 0 0 0  o r ( r ( o 0  0 0 0  

Y Y Y Y Y X  Y Y Y Y Y Y  Y Y Y Y Y  Y Y Y Y Y  Z Y Y  

0 0  n o . .  . 
r ( *  w w  
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WELDING DATA QWoB-422 

w w  
CLS 
n n  
e e  3 %  
d d  - 64 
E E  
m m  

a =  

L.!. 
v v  d d  

2 2  
N N  

N N  
0 0  
d d  

. .  . .  . .  

r ld  

4,s 

. .  . .  . .  

. .  . .  . .  

m m  
9 9  

l n m  m m  
0 0  
N N  
N N  
Y Y  

w 

I- 
n 

>'> 
i i  
c J c 3  

f f  
a a  
b f -  

% %  m m  

- -  
cncn 
& ! A  
$ 4  v u  

. .  . .  . .  

d r l  
0 0  d d  

. .  . .  . .  

. .  . .  . .  

FIN 

d d  

0 0  
Q f -  

0 0  
0 0  
N N  
m m  0 0  
Y Y  

m u  

9 9  * *  
? ?  
d d  

W fig% 
n n n  

P e " e E  
P P 3 P P  
E Y P Y X  
C C C C C  
0 0 0 0 0  
2 9 9 9 8  
L L U Y U U .  

Pee 
Y Y E  
P O P  

0 0 0  
C E C  

u V ) u  

U.U.U. 

111 
UI E - 
F 
U. 

- In c 
7 
V 

d 
0 
d 

d 

d 

0 
9 

9 
0 m 
N 
0 
Y 

I- N 

Y 
d 

. . .  

d e a d d d d  
' C C E C  
i000-0 
1 8 8 9 9  
. Y Y U . U  

2 %  m m  

- -  
In- c c  
77 v u  

. .  . .  . .  

d d  
0 0  
r l d  

. .  . .  . .  

. .  . .  . .  

d N  

d d  

0 0  
G I -  

P P  0 0  
l n m  m m  
0 0  
Y Y  

m o  m *  
i i  
c J c J  
m' m' 
Bll: 
P P  

m l n  * *  
? ?  
d d  

. . .  . . .  . . .  
. . . . . .  . . . . . .  . . . . . .  . . . . .  

* . . e .  . . . . .  
. . . . .  . . . . .  . . . . .  . . .  

N N N N N N  
0 0 0 0 0 0  
d d d d d d  

N N N  
0 0 0  
d d d  

d d d  
0 0 0  
r l d d  

. . .  . . .  . . .  
. . . . . .  . . . . . .  . . . . . .  . . . . .  . . . . .  . . . . .  

. . . . .  . . . . .  . . . . .  . . .  . . .  

. . .  . . . . . .  . . . . . .  . . . . . .  . . . . .  . . . . .  . . . . .  
. . . . .  . . . . .  . . . . .  

. . .  . . .  . . .  . . .  

0 ,Q Q d d d  

o o m m m  d d d  

o m o m o  
I - b 9 f - 9  

m o m  o m 0  * * a -  

m o o o m  
P N * * Q  d m m m m  
N N r l d . 4  
d d N N m  
Y Y Y Y Y  

r l N  

e- d d 
v v v  m m m  a m u  

d d d  * * *  
? ? ?  
d d d  
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WELDING DATA QWlQB-422 

L 
0 1  

w :  

I=' 
n :  

6 
n: 
U '  

tn 

. . d  . .  

. .I . .  . .5: 

0 0 0  o m 9  
0.0.12 
N N N  m m m  
m m m  

w w  

c c  
rips) = a  

O E  
F X  
S T  

0 

5 I .- 
- 2  
I - m  
v u  
I C 9  d N  

L C  

. .  . .  . .  

N N  
0 0  
d d  

. .  . .  . .  

. ,  . .  . .  

N d  

Y 
I C 0  

d 

o m  
r - m  

m o  m a  
0 9  m O  
O U  
v)v) 

0.': 2': 
I-eI 

m m  
0 0  
Top 

P F P F F  
E E E E S  
3 3 5 3 3  
w w w w w  

. . . . .  . . . . .  . . . . .  

N N N N N  
0 0 0 0 0  
d d d d d  

. . . . .  . . . . .  . . . . .  

. . . . .  . . . . .  . . . . .  

m m m m m  

O O O O r n  
d o 0 0 0  0 . 0 . o u u  
O d U O O  N N N m m  
m m m m m  

I - I - t - I - t -  

w w a J  
P .-P s .8 .h 
n a n n n  

w w w w w w  
P 10 .E .o s .E 
a n n n n n  

. . . . .  . . . . .  . . . . .  

N N N N N  
0 0 0 0 0  
d d r l d d  

. . . . .  . . . . .  . . . . .  

. . . . .  . . . . .  . . . . .  

w m c o m m  

0 0 0  e e z z z  .L - .I .I .I .I 
z z z z z z  
N O O ~ N N  

L L L L L L  
v v v v v v  m m m o 9 9  

H N N d d d  

N N N N d d  

. . . . . .  . . . . . .  . . . . . .  

N N N N N N  
0 0 0 0 0 0  
H d d d d r - 4  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

N N N O d H  

m m m m m m  

o m o ~ o m  
t O O r l O O  
o ' O O N 9 9  
0 d d d d I - l  m m m m m m  
m m m m m w  

m m m m m m  
m m m m m m  
d d d d + d  

a a a 4 a a  
m m m m m m  

U ' D U U U U  Q J w w w w w  

w w w w w o )  
O E O E S O  

3 3 3 3 3 3  

? ?  

. . . . . .  . . . . . .  

N N N N N N  
0 0 0 0 0 0  
d d d d d d  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

I - l - n t t - I - +  

._ n n o n i;j 
t - V V V V N  .L z z z z z z  .I .I I -L .I 

o w w v v v  L L L L L L  
o o o o o m  

m m m m m m  

d d d d d d  

d d d d d d  

. . . . . .  . . . . . .  . . . . . .  

N N N N N N  
0 0 0 0 0 0  
d d d d d d  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  

m m m m m m  

0.00.00.0 
0 0 0 0 0 0  
d r - r - m m d  N t u t u m  m m m m m m  v ) v ) w w v ) v )  

Ln 

103 



WELDING DATA Q WIQB-422 

d d d d d d  d d d d d d  
U a i a i a i a i a J  .s -P .s CL .n -P 
n o n o o n  

a i a i a i a i a i a i  
IQ Q .s .o .s 0 n n n n n n  

u u u u u u u  
a i a i a J a i a l a i a i  

W a i a J a J U a i a i  
E E E E E E - 0  

- " B P Y Y 2  
E E E E E E E  
3 3 3 3 3 3 %  
v,v,v,v,v,v)v, 

d d d d d d  

c c c c c c  

7 7 7 7 7 7  v v v v v v  

c c c c c c c  

4 7 7 7 7 7 4  v v v v v v v  

N 
0 
d 

d 

I: 
0 d 

0 
0 
d 

0 

m m 
0. -2 

m 

z 
3 

Y 
5 n 
V 

0 
0. m 
a 

N 
0 
d 

r( 

I 
0 d 

0. 
0 
d 

0 
9 
PI 
N m 
v, 

m 

a 
N 
0. 

. . . . . .  . . . . . .  . . . . . .  
. . . . . .  . . . . . .  . . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  

. . . . . .  . . . . . .  . . . . . .  
. . . . . .  . . . . . .  . . . . . .  . . . . . . .  . . . . . . .  

. . . . . .  . . . . . .  . . . . . .  
. . . . . .  . . . . . .  . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  

I 
I -  . .  - -  
v u  

N 9 0 l n 0 0  
r n l n ~ a t - 0 3  
x x x x x x  

i a 

OD 
Q) 
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WELDING DATA QWIQB-422 

$ $ $ $ $  
n n n n n  
d d v- w- d 
0 0 0 0 0  
K K K K K  

. . . . .  . . . . .  . . . . .  

C h h f . h  
0 0 0 0 0  
. - ( - - - -  

. . . . .  . . . . .  . . . . .  

m m m m m  m m m m m  

. . . . .  . . . . .  . . . . .  

. . . . .  . . . . .  . . . . .  

0 0 0 0 0  
0 0 0 0 0  

Q Q Q Q Q  
0 0 0 0 0  

- e + - -  
Y I Y I ~ V I V I  

. . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  

m m m m m m  m m m m m m  

. . . . . .  . . . . . .  

0 0 0 0 0 0  
0 0 0 0 0 0  
V I * V I - - +  
V I l n l n 9 9 . n  
9 9 4 9 9 9  
0 0 0 0 0 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

h t . h h ~  ~ ~ C C F  ~ C C ~ O  m ~ h h h ~  C C C ~ C C  0 0  + 
0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0 0  0 0 0 0 0 0  .-I- 0 
- - + a -  - r ( c ( c -  - - + + A  + - . l r t + - -  - e - - - +  - -  4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d - 4 3 -  3 3 C - N  N N N N V I  N P P P P P  P P P P P P  N N  N m m m m m  m m o m m  m m m m m  m m m m m m  m m m m m m  m 

. . . . . . .  . . . . . . .  . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0 0  0 0 0 0 0 0  g g  0 

8 8 8 ; ; ; ;  Z 8 G S C  C 3 5 5 6  S G G G G G  G G G G G G  z s  r 
0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0 0  O O P P O O  

8 8 E E M  Ls"3:: g:s:g 6XH%8:: 2222:: f:: : 
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WELDING DATA QWIQB-422 

f z 
0 
s! 

. . . . . . . . . . . .  . . . . . . . . . . . .  
1 .  . . . . . . . . . . .  

. . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  

. . . . . . . . . . . .  . . . . . . . . . . . .  
1 . . . . . . . . . . . .  

1 :  : : : : : : :  : : : :  . . . . . . . . . . . .  



WELDING DATA QWIQB-422 

rr 

f 

z z  
+ +  

L 
0 

N 

? 

5 2  

R 

? I  I 
2 

P 
2 
9 

I 
N 

I 
9 P ; 

a 

. . . . . . . . . . . . . .  . .  . . . . . . . . . . . . . .  . .  . . . . . . . . . . . . . .  . .  
7 a O ~ O - a  

4 a a a a  . . . . . . . . . . . . . . .  

- ;;a$; 
u u u w u  c c c c c  . . . . . . . . . . . . . . .  c c c c c  . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C I .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 '  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N :  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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WELDING DATA Q WlQB-422 
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WELDING DATA QWlQB-422 

; X l l  
, 2 2  

Z-E 
, A d  

,men 

. .- .- 
! Z Z  > o o  I N m  

. . .  . . .  . . .  

$ 8 8  
; a a  = E E  
i a u  

. . .  . . .  . . .  

. h h  
3 0 0  
- 4 3  

. . .  . . .  . . .  

u u u  m m m  

O m N  
P U Y I  

. . I  . . .  . . .  

. . .  . . .  . . .  

0 0 0  
0 0 0  
9 0 -  
0 3 -  
h h h  
V V V  

P P D  m m m  
? ? 3  
m m m  
V I V I V )  

Y I Y I W  m m m  c c c 
- I 1  E & :  

3 

z 2  
Y I O I  
z +  L 
.+++ 

. . .  . . .  . . .  

. . .  . . .  . . .  

U P 0  
0 0 0  
- - a  

. . .  . . .  . . .  

4 3 3  
N N N  

. . .  . . .  . . .  

m a n  a a  

. . . . .  . . . . .  . . . . .  
. . . . . .  . . . . . .  
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QW-423 WELDING DATA QW-424.1 

QW-423 Alternate Base Materials for Welder 
Qualification 

A% QW-423.1 Base material used for welder qualification 
may be substituted for the P-Number material specified 
in the WPS in accordance with the following. 

Base Metal@) for 
Welder Qualification 

Qualified Production 
Base Metal(s) 

98 

P-NO. 1 through P-NO. 11, 
P-No. 34, or P-No. 41 through 
P-NO. 47 

P-NO. 21 through P-NO. 25 
P-No. 51 through P-No. 53 or P- 

NO. 61 through P-NO. 62 

P-NO. 1 h ~ g h  P-NO. 11, P- 
NO. 34, P-NO. 41 through P- 
No. 47 and unassigned met- 
als of similar chemical com- 
position to these metals 

P-NO. 21 through P-NO. 25 
P-NO. 51 through P-NO. 53 and 

P-NO. 61 through P-NO. 62 

QW-423.2 Metals used for welder qualification con- 
forming to national or international standards or specifi- 
cations may be considered as having the same P- or 
S-Number as an assigned metal provided it meets the 
mechanical and chemical requirements of the assigned 
metal. The base metal specification and corresponding 
P- or S-Number shall be recorded on the qualification 
record. 

QW-424 Bsse Metais Used for Procedure 
Qualification 

QW-424.1 Base metals are assigned P-Numbers in 
QW/QB-422; metals which do not appear in QW/QB- 
422 are considered to be unassigned metals except as 
otherwise defined in QW-420.1 for base metals having 

the same UNS numbers. Unassigned metals shall be 
identified in the WPS and on the PQR by specification, 
type and grade, or by chemical analysis and mechanical 
properties. The minimum tensile strength shall be de- 
fined by the organization which specified the unassigned 
metal if the tensile strength of that metal is not defined 
by the material specification. 

Base Metal@) Used for 
procedure Qualification 

Coupon 
One metal from a P-Number to 

any metal from the same P- 
Number 

One metal from a P-Number to 
any metal from any other P- 
Number 

One metal from P-No. 3 to any 
metal from P-No. 3 

One metal from P-No. 4 to any 
metal from P-No. 4 

One metal from P-No. 5A to 
any metal from P-No. 5A 

One metal from P-No. 5A to a 
metal from P-No. 4, or P-No. 
3, or P-No. 1 

One metal from P-No. 4 to a 
metal from P-No. 3 or P- 
No. 1 

Any unassigned metal to the 
same unassigned metal 

Any unassigned metal to any P- 
Number metal 

Any unassigned metal to any 
other unassigned metal 

Base Metals Qualified 
Any metals assigned that P- 

NWllber 

Any metal assigned the first P- 
Number to any metal assigned 
the second P-Number 

Any P-No.3 metal to any metal 
from P-No. 3 or P-No. 1 

Any P-No. 4 metal to any metal 
from P-Nos. 4, 3, or 1 

Any P-No. SA metal to any 
metal from P-Nos. 5A. 4, 3, 
or 1 metals 

Any P-No. 5A metal to any 
metal assigned to P-No. 4, or 
P-No. 3, or P-No. 1 

Any P-No. 4 metal to any metal 
assigned to P-No. 3 or P- 
No. 1 

The unassigned metal to itself 

The unassigned metal to any 
metal assigned to the same P- 
Number as the qualified metal 

The first unassigned metal to 
the second unassigned metal 
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WELDING DATA QW-432 

QW-432 (CONT'D) 

Grouping of Electrodes and Welding Rods for Qualification 
F-NUMBERS 

Qw F-NO. ASME Specification No. AWS Classification No. 

432.3 3 1  
3 1  

432.3 32 
32 

33 
33 

34 
34 
34 

35 
35 
35 
35 

36 
36 
36 
36 
36 

37 
37 
37 
37 

432.4 4 1  
41 
41 

42 
42 
42 
42 

43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 

SFA-5.6 
SFA-5.7 

SFA-5.6 
SFA-5.7 

SFA-5.6 
SFA-5.7 

SFA-5.6 
SFA-5.7 
S FA-5.30 

SFA-5.8 

SFA-5.6 

SFA-5.7 

SFA-5.6 

SFA-5.7 

S FA-5.11 
S FA-5.14 
SFA-5.30 

S FA-5.1 1 
S FA-5.14 
SFA-5.14 
S FA-5.30 

S FA-5.11 
S FA-5.11 
S FA-5.11 
SFA-5.11 
SFA-5.11 
S FA-5.11 
SFA-5.11 
S FA-5.11 
SFA-5.11 
S FA-5.11 
SFA-5.11 
SFA-5.11 
SFA-5.14 
SFA-5.14 
S FA-5.14 

Copper and Copper-Base Alloys 

Nickel and Nickel-Base Alloys 

ECU 
ER Cu 

ECuSi 
ERCuSi-A 

ECuSn-A, ECuSn-C 
E RCUSn-A 

ECuNi 
ERCuNi 
in67 

R BCu Zn-A 
RBCuZn-B 
RBCuZn-C 
RBCuZn-D 

ECUAI-A2 
ECUAI-B 
ERCUAI-A1 
ERCUAI-A2 
E RCUAI-A3 

ECuNiAl 
ECuMnNiAl 
E RCuN iAl 
ERCuMnNiAl 

EN 1-1 
ERNi-1 
1n61 

EN 1cu-7 
ERN 1cu-7 
ERN i Cu-8 
1n60 

ENiCrFe-1 
ENiCrFe-2 
ENiCrFe-3 
ENiCrFe-4 
E NiCrFe-7 
ENiCrFe-9 
ENiCrFe-10 
ENiCrCoMo-I 
ENiCrMo-2 
EN iCr M0-3 
ENiCrMo-6 
ENiCrMo-12 
ERNiCr-3 
ERN 1cr-4 
ERN i C  r-6 
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QW451.3 WELDING DATA 

QW451.3 
FILLET-WELD TESTS’l 

QW-451.4 

A99 

Type and Number of Tests 
Type of Thickness of Test Required CCQW-462.4(a) or QW462.4(d)ll 

Joint Coupons as Welded, in. Range Qualified Macro 

Fillet Per QW462.4(a) All f i l let sizes on all base 
metal thicknesses and all 
diameters 

Fillet Per QW-462.4(d) 

NOTE: 
(1) A production assembly mockup may be substituted in accordance with QW-181.1.1. When a production assembly mockup is used, the range 

qualified shall be lirnlted to the f i l let weld size, base metal thickness, and configuration of the mockup. Alternatively, multiple production 
assembly mockups may be qualified. The range of thickness of the base metal qualified shall be no less than the thickness of the thinner 
member tested and no greater than the thickness of the thicker member tested. The range for fillet weld sizes qualified shall be limited to 
no less than the smallest fi l let weld tested and no greater than the largest fillet weld tested. The configuration of production assemblies shall 
be the same as that used in the production assembly mockup. 

QW451.4 
FILLET WELDS QUALIFIED BY GROOVE-WELD TESTS 

~- 

Thickness Tof Test 
Coupon (Plate or Pipe) 

as Welded Range Qualified 
Type and Number of Tests 

Required 

All groove tests All fillet sizes on a l l  base Fillet welds are qualified when 
metal thicknesses and all the groove weld is qualified 
diameters in accordance with either 

QW-451.1 or QW-451.2 
(see QW-202.2) 
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WELDING DATA 

QW-462.10 
SHEAR STRENGTH REQUIREMENTS FOR SPOT OR PROJECTION WELD SPECIMENS 

P-'No. 1 Through P-No. 11 and P-No. 41 Through P-No. 47 Metals 

Nominal Thickness 
of Thinner Sheet, 

in. 

0.009 
0.010 
0.012 
0.016 
0.018 
0.020 
0.022 
0.025 
0.028 
0.032 
0.036 
0.040 
0.045 
0.050 
0.056 
0.063 
0.071 
0.080 
0.090 
0.100 
0.112 
0.125 

Ultimate Strength 
90,000 to 149,000 psi 

Ib Der spot 

min 

130 
160 
200 
2 95 
340 
390 
450 
530 
635 
775 
920 

1,065 
1,285 
1,505 
1,770 
2,110 
2,535 
3,005 
3,515 
4,000 
4,545 
5,065 

min avg 

160 
195 
245 
365 
415 
480 
550 
655 
785 
955 

1,140 
1,310 
1,585 
1,855 
2,185 
2,595 
3,125 
3,705 
4,335 
4,935 
5,610 
6,250 

159 

Ultimate Strength below 
90,000 psi 

Ib per spot 

rnin 

100 
115 
150 
215 
250 
280 
330 
400 
465 
565 
690 
815 

1,005 
1,195 
1,460 
1,760 
2,080 
2,455 
2,885 
3,300 
3,795 
4,300 

rnin avg 

125 
140 
185 
260 
305 
345 
405 
495 
575 
695 
860 

1,000 
1,240 
1,475 

2,170 
2,560 
3,025 
3,560 
4,070 
4,675 
5,310 

1,800 

QW-462.10 

A99 



WELDING DATA 

7 
Fracture specimen to be removed from lower 90 deg. 

section in position 5 f 

QW-463.2(h) PERFORMANCE QUALIFICATION 
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QW-470 WELDING DATA QW-4733 

QW-470 ETCHING - PROCESSES AND 
REAGENTS 

QW-471 General 

The surfaces to be etched should be smoothed by filing, 
machining, or grinding on metallographic papers. With 
different alloys and tempers, the etching period will vary 
from a few seconds to several minutes, and should be con- 
tinued until the desired contrast is obtained. As aprotection 
from the fumes liberated during the etching process, this 
work should be done under a hood. After etching, the speci- 
mens should be thoroughly rinsed and then dried with a 
blast of warm air. Coating the surface with a thin clear lac- 
quer will preserve the appearance. 

QW-472 For Ferrous Metals 

Etching solutions suitable for carbon and low alloy 
steels, together with directions for their use, are sug- 
gested as follows. 

QW-472.1 Hydrochloric Acid. Hydrochloric (muri- 
atic) acid and water, equal parts, by volume. The 
solution should be kept at or near the boiling temperature 
during the etching process. The specimens are to be 
immersed in the solution for a sufficient period of time 
to reveal all lack of soundness that might exist at their 
cross-sectional surfaces. 

QW-472.2 Ammonium Persulfate. One part of am- 
monium persulfate to nine parts of water, by weight. 
The solution should be used at room temperature, and 
should be applied by vigorously rubbing the surface 
to be etched with a piece of cotton saturated with the 
solution. The etching process should be continued until 
there is a clear definition of the structure in the weld. 

QW-472.3 Iodine and Potassium Iodide. One part 
of powdered iodine (solid form), two parts of powdered 
potassium iodide, and ten parts of water, all by weight. 
The solution should be used at room temperature, and 
brushed on the surface to be etched until there is a 
clear definition or outline of the weld. 

QW-472.4 Nitric Acid. One part of nitric acid and 
three parts of water, by volume. 

CAUTION: Always pour the acid into the water. Nitric acid causes 
bad stains and severe bums. 

The solution may be used at room temperature and 
applied to the surface to be etched with a glass stirring 
rod. The specimens may also be placed in a boiling 
solution of the acid, but the work should be done in 
a well-ventilated room. The etching process should be 
continued for a sufficient period of time to reveal all 

lack of soundness that might exist at the cross-sectional 
surfaces of the weld. 

QW-473 For Nonferrous Metals 

The following etching reagents and directions for 
their use are suggested for revealing the macrostructure. 

QW-473.1 Aluminum and Aluminum-Base Alloys 

Hydrochloric acid (concentrated) 15 ml 
Hydrofluoric acid (48%) 10 ml 
Water 85 ml 

This solution is to be used at room temperature, and 
etching is accomplished by either swabbing or immers- 
ing the specimen. 

QW-473.2 For Copper and Copper-Base Alloys: 
Cold Concentrated Nitric Acid. Etching is accom- 
plished by either flooding or immersing the specimen 
for several seconds under a hood. After rinsing with 
a flood of water, the process is repeated with a 50- 
50 solution of concentrated nitric acid and water. 

In the case of the silicon bronze alloys, it may be 
necessary to swab the surface to remove a white (SOz) 
deposit. 

QW-473.3 For Nickel and Nickel-Base Alloys 

Material Formula 

Nickel 
Low Carbon Nickel 
Nickel-Copper (400) 
Nickel-Chromium-Iron 

(600 and 800) 

Nitric Acid or Lepito’s Etch 
Nitric Acid or Lepito’s Etch 
Nitric Acid or Lepito’s Etch 
Aqua Regia or Lepito’s Etch 

MAKEUP OF FORMULAS FOR AQUA REGIA AND 
LEPITO’S ETCH 

Aqua Lepito‘s 
Regia Etch 
Kl), (3)l K2), (311 

Nitric Acid, Concentrated - HNO, 1 part 3 ml 
Hydrochloric Acid, Concentrated - 2 parts 10 ml . 

Ammonium Sulfate - . . .  1.5 g 

Ferric Chloride - FeCI, . . .  2.5 g 
Water . . .  7.5 ml 

HCL 

(N  H4),(SO4) 

NOTES: 
(1) Warm the parts for faster action. 
(2) Mix solution as follows: 

(a)  Dissolv? (NH4)*(S04) in H,O. 
(b) Dissolve powdered FeCI, in warm HCI. 
(c) Mix (a) and (b) above and add HNO,. 

(3)  Etching is accomplished by either swabbing or immersing the 
specimen. 
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brazing, block (BB) - a brazing process that uses heat 
from heated blocks applied to the joint. This is an 
obsolete or seldom used process. 

brazing, dip (OB) - a brazing process in which the 
heat required is furnished by a molten chemical or 
metal bath. When a molten chemical bath is used, the 
bath may act as a flux; when a molten metal bath is 
used, the bath provides the filler metal. 

brazing, furnace (FB) - a brazing process in which 
the workpieces are placed in a furnace and heated to 
the brazing temperature 

brazing, induction (IB) - a brazing process that uses 
heat from the resistance of the workpieces to induced 
electric current 

brazing, machine - brazing with equipment which 
performs the brazing operation under the constant obser- 
vation and control of a brazing operator. The equipment 
may or may not perform the loading and unloading of 
the work. 

brazing, manual - a brazing operation performed and 
controlled completely by hand. See automatic brazing 
and machine brazing. 

brazing, resistance (RB) - a brazing process that uses 
heat from the resistance to electric current flow in a 
circuit of which the workpieces are a part 

brazing, semiautomatic - brazing with equipment 
which controls only the brazing filler metal feed. The 
advance of the brazing is manually controlled. 

brazing, torch (TB) - a brazing process that uses heat 
from a fuel gas flare 

brazing operator - one who operates machine or 
automatic brazing equipment 

brazing temperature - the temperature to which the 
base metal(s) is heated to enable the filler metal to 
wet the base metal(s) and form a brazed joint 

brazing temperature range - the temperature range 
within which brazing can be conducted 

build-up of base metaUrestoration of base metal thick- 
ness - this is the application of a weld material to 
a base metal so as to restore the design thickness and/ 
or structural integrity. This build-up may be with a 
chemistry different from the base metal chemistry which 
has been qualified via a standard butt welded test 
coupon. Also, may be called base metal repair or 
buildup. 

butt joint - a joint between two members aligned 
approximately in the same plane 

buttering - the addition of material, by welding, on 
one or both faces of a joint, prior to the preparation 
of the joint for final welding, for the purpose of 
providing a suitable transition weld deposit for the 
subsequent completion of the joint 

clad brazing sheet - a metal sheet on which one or 
both sides are clad with brazing filler metal 

coalescence - the growing together or growth into 
one body of the materials being welded 

complete fusion - fusion which has occurred over the 
entire base material surfaces intended for welding, and 
between all layers and passes 
composite - a material consisting of two or more 
discrete materials with each material retaining its physi- 
cal identity 

consumable insert - filler metal that is placed at the 
joint root before welding, and is intended to be com- 
pletely fused into the root to become part of the weld 
contact tube - a device which transfers current to a 
continuous electrode 

corner joint - a joint between two members located 
approximately at right angles to each other in the form 
of an L 
coupon - see test coupon 
crack - a fracture-type discontinuity characterized by 
a sharp tip and high ratio of length and width to 
opening displacement 
defect - a discontinuity or discontinuities that by 
nature or accumulated effect (for example, total crack 
length) render a part or product unable to meet minimum 
applicable acceptance standards or specifications. This 
term designates rejectability. See also discontinuity 
and flaw. 

direct current electrode negative (DCEN) - the ar- 
rangement of direct current arc welding leads in which 
the electrode is the negative pole and the workpiece 
is the positive pole of the welding arc 

direct current electrode positive (DCEP) - the arrange- 
ment of direct current arc welding leads in which the 
electrode is the positive pole and the workpiece is the 
negative pole of the welding arc 
discontinuity - an interruption of the typical structure 
of a material, such as a lack of homogeneity in its 
mechanical, metallurgical, or physical characteristics. 
A discontinuity is not necessarily a defect. See also 
defect and flaw. 

double-welded joint - a joint that is welded from 
both sides 
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$flux (brazing) - material used to prevent, dissolve, or 
facilitate removal of oxides and other undesirable sur- 
face substances 

$ux (welding) - a fusible mineral material which is 
melted by the welding heat. Fluxes may be granular 
or solid coatings. Fluxes serve to stabilize the welding 
arc, shield all or part of the molten weld poo! from 
the atmosphere, and may or may not evolve shielding 
gas by decomposition. Flux melted during welding is 
called slag. 

$flux, active (SAW) - a flux from which the amount 
of elements deposited in the weld metal is dependent 
upon the welding conditions, primarily arc vo!tage 

$m, alloy (SAW) - a flux which provides alloying 
elements in the weld metal deposit 

$flux, neutral (SAW) - a flux which will not cause a 
significant change in the weld metal composition when 
there is a large change in the arc voltage 

$ux cover - metal bath dip brazing and dip soldering. 
A layer of molten flux over the molten filler metal bath. 

forehund welding - a welding technique in which the 
welding torch or gun is directed toward the progress 
of welding 

frequency - the completed number of cycles which 
the oscillating head makes in 1 min or other specified 
time increment 

fuel gas - a gas such as acetylene, natural gas, 
hydrogen, propane, stabilized methylacetylene propa- 
diene, and other fuels normally used with oxygen in 
one of the oxyfuel processes and for heating 

fused spray deposit (thermal spraying) - a self-fluxing 
thermal spray deposit which is subsequently heated to 
coalescence within itself and with the substrate 

fusion @:ion welding) - the melting together of filler 
metal and base metal, or of base metal only, to produce 
a weld 

fusion line - in a weldment, the interface between 
weld metal and base metal, or between base metal 
parts when filler metal is not used 

gas backing - see backing gas 

globular transfer (arc welding) - a type of metal 
tranr'cci in which molten filler metal is transferred 
across the arc in large droplets 

groove weld - a weld made in a groove formed within 
a single member or in the groove between two members 
to be joined. The standard types of groove weld are 
as follows: 

square groove weld 
single-Vee groove weld 
single-bevel groove weld 
single-U groove weld 
single-J groove weld 
single-flare-bevel groove weld 
single-flare-Vee groove weld 
double-Vee groove weld 
double-bevel groove weld 
double-U groove weld 
double-J groove weld 
double-flare-bevel groove weld 
double-flare-Vee groove weld 

heat-aflected zone - that portion of the base metal 
which has not been melted, but whose mechanical 
properties or microstructures have been altered by the 
heat of welding or cutting 

interpass temperature - the highest temperature in 
the weld joint immediately prior to welding, or in the 
case of multiple pass welds, the highest temperature 
in the section of the previously deposited weld metal, 
immediately before the next pass is started 

joint - the junction of members or the edges of 
members which are to be joined or have been joined 

joint penetration - the distance the weld metal extends 
from the weld face into a joint, exclusive of weld 
reinforcement 

keyhole welding - a technique in which a concentrated 
heat source penetrates partially or completely through 
a workpiece, forming a hole (keyhole) at the leading 
edge of the weld pool. As the heat source progresses, 
the molten metal fills in behind the hole to form the 
weld bead. 

lap or overlap - the &stance measured between the 
edges of two plates when overlapping to form the joint 

lap joint - a joint between two overlapping members 
in parallel planes 

lower transformation temperature - the temperature 
at which austenite begins to form during heating 

melt-in - a technique of welding in which the intensity 
of a concentrated heat source is so adjusted that a 
weld pass can be produced from filler metal added to 
the leading edge of the molten weld metal 

overlay, corrosion-resistant weld metal - deposition 
of one or more layers of weld metal to the surface of 
a base material in an effort to improve the corrosion 
resistance properties of the surface. This would be 
applied at a level above the minimum design thickness as 
a nonstructural component of the overall wall thickness. 
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short-circuiting transfer (gas metal-arc welding) - 
metal transfer in which molten metal from a consumable 
electrode is deposited during repeated short circuits. 
See also globular transfer and spray transfer. 

single-welded joint - a joint welded from one side only 

single-welded lap joint - a lap joint in which the 
overlapped edges of the members to be joined are 
welded along the edge of one member only 

slag inclusion - nonmetallic solid material entrapped 
in weld metal or between weld metal and base metal 

specimen - refer to test specimen 

spot weld - a weld made between or upon overlapping 
members in which coalescence may start and occur on 
the faying surfaces or may proceed from the outer 
surface of one member. The weld cross section (plan 
view) is approximately circular. 

spray-fuse - a method of surfacing consisting of 
depositing finely divided particles of material in the 
molten or semimolten condition onto a base metal 
surface followed by the application of heat to fuse 
the particles and form a metallurgical bond with the 
base metal 

spray transfer (arc welding) - metal transfer in which 
molten metal from a consumable electrode is propelled 
axially across the arc in small droplets 

stringer bead - a type of weld bead made without 
appreciable weaving motion. See also weave bead. 

sugacing - the application by welding, brazing, or 
thermal spraying of a layer(s) of material to a surface 
to obtain desired properties or dimensions, as opposed 
to making a joint 

tee joint (T)  - a joint between two members located 
approximately at right angles to each other in the form 
of a T 

test coupon - a weld or braze assembly for procedure 
or performance quahfication testing. The coupon may 
be any product from plate, pipe, tube, etc., and may 
be a fillet weld, overlay, deposited weld metal, etc. 

test specimen - a sample of a test coupon for specific 
test. The specimen may be a bend test, tension test, 
impact test, chemical analysis, macrotest, etc. A speci- 
men may be a complete test coupon, for example, in 
radiographic testing or small diameter pipe tension 
testing. 

thermuf cutting (TC) - a group of cutting processes 
that severs or removes metal by localized melting, 
burning, or vaporizing of the workpieces 

throat, actual (of jiflet) - the shortest distance from 
the root of a fillet weld to its face 

throat, eflective (of jiflet) - the minimum distance 
minus any reinforcement from the root of a weld to 
its face 

throat, theoretical (of fillet) - the distance from the 
beginning of the root of the joint perpendicular to the 
hypotenuse of the largest right triangle that can be 
inscribed within the fillet-weld cross section 

undercut - a groove melted into the base metal adjacent 
to the weld toe or weld root and left unfilled by 
meld metal 

upper transformution temperature - the temperature 
at which transformation of the ferrite to austenite is 
completed during heating 

usability - a measure of the relative ease of application 
of a filler metal to make a sound weld or braze joint 

weave bead - a type of weld bead made with transverse 
of a T oscillation 

weld - a localized coalescence of metals or nonmetals 
produced either by heating the materials to the welding 
temperature, with or without the application of pressure, 
or by the application of pressure alone and with or 
without the use of filler material 

weld, autogenous - a fusion weld made without fil- 
ler metal 

weld bead - a weld deposit resulting from a pass. 
See stringer bead and weave bead. 

weld face - the exposed surface of a weld on the 
side from which welding was done 

weld metal - that portion of a weld whch has been 
melted during welding 

weld reinforcement - weld metal on the face or root 
of a groove weld in excess of the metal necessary for 
the specified weld size 

weld size: groove welds - the depth of chamfering 
plus any penetration beyond the chamfering, resulting 
in the strength carrying dimension of the weld 

weld size: #or equal leg jillet welds - the leg lengths 
of the largest isosceles right triangle which can be 
inscribed within the fillet weld cross section 

weld size: for unequal legjillet welds - the leg lengths 
of the largest right triangle which can be inscribed 
within the fillet weld cross section 

welder - one who performs manual or semiau 
welding 
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from the application of a concentrated coherent light 
beam impinging upon the members to be joined 

welding, machine - welding with equipment which 
performs the welding operation under the constant 
observation and control of a welding operator. The 
equipment may or may not perform the loading and 
unloading of the work. See automatic welding. 

welding, manual - welding wherein the entire welding 
operation is performed and controlled by hand 

welding, operator - one who operates machine or 
automatic welding equipment 

welding, oxyfuel gas (OFW} - a group of welding 
processes which produces coalescence by heating mate- 
rials with an oxyfuel gas flame or flames, with or 
without the application of pressure, and with or without 
the use of filler metal 

welding, plasma-arc (PAW) - an arc welding process 
which produces coalescence of metals by heating them 
with a constricted arc between an electrode and the 
workpiece (transferred arc), or the electrode and the 
constricting nozzle (nontransferred arc). Shielding is 
obtained from the hot, ionized gas issuing from the 
torch orifice which may be supplemented by an auxiliary 
source of shielding gas. Shielding gas may be an inert 
gas or a mixture of gases. Pressure may or may not 
be used, and filler metal may or may not be supplied. 

welding, projection (PW) - a resistance welding pro- 
cess that produces coalescence by the heat obtained 
from the resistance of the flow of welding current. The 
resulting welds are localized at predetermined points by 
projections, embossments, or intersections. The metals to 
be joined lap over each other. 

welding, resistance (RW) - a group of welding pro- 
cesses that produces coalescence of the faying surfaces 
with the heat obtained from resistance of the workpieces 
to the flow of the welding current in a circuit of which 
the workpieces are a part, and by the application of 
pressure 

welding, resistance seam (RSEW) - a resistance weld- 
ing process that produces a weld at the faying surfaces 

of overlapped parts progressively along a length of a 
joint. The weld may be made with overlapping weld 
nuggets, a continuous weld nugget, or by forging the 
joint as it is heated to the welding temperature by 
resistance to the flow of the welding current. 
welding, resistance spot (RSW) - a resistance welding 
process that produces a weld at the faying surfaces of 
a joint by the heat obtained from resistance to the 
flow of welding current through the workpieces from 
electrodes that serve to concentrate the welding current 
and pressure at the weld area 
welding, resistance stud - a resistance welding process 
wherein coalescence is produced by the heat obtained 
from resistance to electric current at the interface be- 
tween the stud and the workpiece, until the surfaces 
to be joined are properly heated, when they are brought 
together under pressure 
welding, semiautomatic arc - arc welding with equip- 
ment which controls only the filler metal feed. The 
advance of the welding is manually controlled. 
welding, shielded metal-arc (SMAW) - an arc welding 
process with an arc between a covered electrode and 
the weld pool. The process is used with shielding from 
the decomposition of the electrode covering, without 
the application of pressure, and with filler metaI from 
the electrode 
welding, stud - a general term for the joining of a 
metal stud or similar part to a workpiece. Welding 
may be accomplished by arc, resistance, friction, or 
other suitable process with or without external gas 
shielding. 
welding, submerged-arc (SAW) - an arc welding pro- 
cess that uses an arc or arcs between a bare metal 
electrode or electrodes and the weld pool. The arc and 
molten metal are shielded by a blanket of granular flux 
on the workpieces. The process is used without pressure 
and with filler metal from the electrode and sometimes 
from a supplemental source (welding rod, flux, or metal 
granules). . 
weldment - an assembly whose constituent parts are 
joined by welding, or parts which contain weld metal 
overlay 
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QB-140 GENERAL REQUIREMEN'S QB-152 - 
QB-140 TYPES AND PURPOSES OF TESTS 

AND EXAMINATIONS 

QB-141 Tests 

Tests used in brazing procedure and performance 
qualifications are as fAlows. 

QB-141.1 Tension Tests. Tension tests, as described 
in QB-150, are used to determine the ultimate strength 
of brazed butt, scarf, lap, and rabbet joints. 

QB-141.2 Guided-Bend Tests. Guided-bend tests, 
as described in QB-160, are used to determine the 
degree of soundness and ductility of butt and scarf 
joints. 

QB-1413 Peel Tests. Peel tests, as described in QB- 
170, are used to determine the quaIity of the bond and 
the amount of defects in lap joints. 

QB-141.4 Sectioning Tests. Sectioning tests, i.e., 
the sectioning of test coupons, as described in QB- 
180, are used to determine the soundness of workman- 
ship coupons or test specimens. Sectioning tests are 
also used as a substitute for the peel test where the 
strength of brazing filler material is equal to or greater 
than the strength of the base metals. 

QB-141.5 Workmanship Coupons. Workmanship 
coupons, as described in QB-182, are used to determine 
the soundness of joints other than the standard butt, 
scarf, lap, and rabbet joints. 

QB-141.6 Visual Examination. Visual examination 
of brazed joints is used for estimating the soundness 
by external appearance, such as continuity of the brazing 
filler metal, size, contour, and wetting of fillet along 
the joint and, where appropriate, to determine if filler 
metal flowed through the joint from the side of applica- 
tion to the opposite side. 

QB-150 TENSION TESTS 

QB-151 Specimens 

Tension test specimens shall conform to one of the 
types illustrated in QB-462.l(a) through QB-462.l(f), 
and shall meet the requirements of QB-153. 

QB-151.1 Reduced Section - Plate. Reduced-sec- 
tion specimens Conforming to the requirements given 
in QB-462.l(a) and QB-462.l(c) may be used for 
tension tests on all thicknesses of plate. The specimens 
may be tested in a support fixture in substantial accord- 
ance with QB-462.l(f). 

(a) For thicknesses up to and including 1 in. (25 mm), 
a full thickness specimen shall be used for each required 
tension test. 

(b) For plate thicknesses greater than 1 in. (25 mm), 
full thickness specimens or multiple specimens may 
be used, provided QB-lSl.l(c) and QB-lSl.l(d) are 
complied with. 

(c) When multiple specimens are used in lieu of full 
thickness specimens, each set shall represent a single 
tension test of the full plate thickness. Collectively, all 
of the specimens required to represent the full thickness 
of the brazed joint at one location shall comprise a set. 

(d) When multiple specimens are necessary, the entire 
thickness shall be xechanically cut into a minimum 
number of approximately equal ships of a size that 
can be tested in the available equipment. Each specimen 
of the set shall be tested and meet the requirements 

QB-151.2 Reduced Section - Pipe. Reduced-sec- 
tion specimens conforming to the requirements given 
in QB-462.l(b) may be used for tension tests on all 
thicknesses of pipe or tube having an outside diameter 
greater than 3 in. (76 mm). The specimens may be 
tested in a support fixture in substantial accordance 
with QB-462.l(f). 

(a) For thicknesses up to and including 1 in. (25 mm), 
a full thickness specimen shall be used for each required 
tension test. 

(b) For pipe thicknesses greater than 1 in. (25 mm), 
full thickness specimens or multiple specimens may 
be used, provided QB-151.2(c) and QB-151.2(d) are 
complied with. 

(c) When multiple specimens are used in lieu of full 
thickness specimens, each set shall represent a single 
tension test of the full pipe thickness. Collectively, all 
of the specimens required to represent the full thickness 
of the brazed joint at one location shall comprise a set. 

(d)  When multiple specimens are necessary, the entire 
thickness shall be mechanically cut into a minimum 
number of approximately equal strips of a size that 
can be tested in the available equipment. Each specimen 
of the set shall be tested and meet the requirements 

QB-1513 Full-Section Specimens for Pipe. Tension 
specimens conforming to the dimensions given in QB- 
462.1(e) may be used for testing pipe with an outside 
diameter of 3 in. (76 mm) or less. 

of QB-153. 

Of QB-153. 

QB-152 Tension Test Procedure 

The tension test specimen shall be ruptured under 
tensile load. The tensile strength shall be computed by 
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QB-400 VARIABLES 

ARTICLE XIV 
BRAZING DATA 

QB-401 General 

QB-401.1 Each brazing variable described in this 
Article is applicable as an essential or nonessential 
variable for procedure qualification when referenced in 
QB-250 for each specific process. Essential variables 
for performance qualification are referenced in QB-350 
for each specific brazing process. A change from one 
brazing process to another brazing process is an essential 
variable and requires requalification. 

QB-402 Base Metal 

QB-402.1 A change from a base metal listed under 
one P-Number in QWlQB-422 to any of the following: 

(a) a metal listed under another P-Number; 
(b) any other base metal not listed in QWIQB-422; 
(c) as permitted in QW-420.2 (for S-Numbers). 
The brazing of dissimilar metal joints need not be 

requalified if each base metal involved is qualified 
individually for the same brazing filler metal, flux, 
atmosphere, and process. Similarly, the brazing of dis- 
similar metal joints qualifies for the individual base 
metal brazed to itself and for the same brazing filler 
metal, flux, atmosphere, and process, provided the 
requirements of QB-153.l(a) are met. 

QB-402.2 A change in either or both of the base 
metals from an alloy listed under one P-Number in 
QWIQB-422 to any of the following: 

(a) an alloy listed under another P-Number; 
(b) a base metal not listed in QWJQB-422; 
(c) as permitted in QW-420.2 (for S-Numbers). 

QB-402.3 A change in base metal thickness beyond 
the range qualified in QB-451. 

QB-403 Brazing Filler Metal 

QB-403.1 A change from one F-Number in QB-432 
to any other F-Number, or to any other filler metal 
not listed in QB-432. . 

QB-403.2 A change in filler metal from one product 
form to another (for example, from preformed ring to 
paste). 

QB-404 Brazing Temperature 

QB-404.1 A change in brazing temperature to a 
value outside the range specified in the BPS. 

QB-406 Brazing Flux, Fuel Gas, or 
Atmosphere 

QB-406.1 The addition or deletion of brazing flux, 
or a change in the nominal chemical composition of 
brazing flux. 

QB-406.2 A change in the furnace atmosphere from 

( I )  reducing to inert 
(2) carburizing to decarburizing 
(3) hydrogen to disassociated ammonia 

one basic type to another type. For example: 

QB-406.3 A change in the type of fuel gas(es). 

QB-407 Flow Position 

QB-407.1 The addition of other brazing positions 
than those already qualified (see QB-120 through QB- 
124, QB-203 for procedure, and QB-303 for per- 
formance). 

(a) If the brazing filler metal is preplaced or facefed 
from outside the joint, then requalification is required 
in accordance with the positions defined in QB-461 
under the conditions of QB-120 through QB-124. 

(b) If the brazing filler metal is preplaced in a 
joint in a manner that major flow does occur, then 
requalification is required in accordance with the posi- 
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BRAZING DATA 

Flow Position 

QB-408 
Joint Design 

QB-410 
Technique 

QB-416 
BRAZING VARIABLES 

Brazer and Brazing Operator Performance 

.1 4 Joint detalls X X X X X X 

.3 2 Clearance specified in BPS X X X X X X 

.5 t$ Method X 

QB416 

A99 

Welding Processes: 

t$ Change 
+ Addition or greater - Deletion or less 
T Thickness 

TB Torch brazing 
FB Furnace brazing 
IB Induction brazing 
RB Resistance brazing 
DB Dip brazing 
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BRAZING DATA 

QB-432 (CONT’D) 

Grouping of Brazing Filler Metals for Procedure and Performance Qualification SFA-5.8 
F-NUMBERS 

F-NO. AWS Classification No. QB 

432.3 

432.4 

432.5 

432.6 

432.7 

432.8 

103 

104 

105 

106 

107 

108 

BCUP-1 
BCUP-2 
BCUP-3 
BCuP-4 
BCUP-5 
BCUP-6 
BCUP-7 

BAISi-2 
BAISi-3 
BAISi-4 
BAN-5 
BAISi-7 
BAR-9 
BAISi-11 

BCU-1 
BVCU-lX 
BCu-la 
BCU-2 

RBCuZn-A 
RBCuZn-B 
RBCuZn-C 
RBCuZn-D 

bn1-1 
BNi-la 
bn1-2 
bn1-3 
bn1-4 
bn1-5 
BNi-Sa 
bn1-6 
bn1-7 
bn1-8 

BNi-10 
BNi-11 

bn1-9 

BAu-1 
BAu-2 
BAu-3 
BAu-4 
BAu-5 
BAu-6 
BVAU-2 
BVAU-4 
BVAU-7 
BVAU-8 

432.9 109 BMg-3 

432.10 110 bc0-1 

432.11 111 BVPd-1 
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QB-4Sl.4 BRAZING DATA 

QB-451.4 
TENSION TESTS AND SECTION TESTS - RABBET JOINTS 

QB-4Sl.S 

Range of Thickness 
of Materials Qualified 

by Test Plate or 
Pipe, in. Type and Number of Test Specimens Required 

Thickness T of 
Test Coupon as Tension Section 

Brazed, in. Min. Max. QB-462.1 QB-462.4 

Less than '/s 0.5 T 2 T  2 2 
V8 to %'& incl. l/l6 2 T  2 2 
Over V8 %6 2 T  2 2 

A99 

QB-451.5 
SECTION TESTS - WORKMANSHIP COUPON JOINTS 

A99 

Thickness Tof 
Test Coupon as 

Brazed. in. 

Range of Thickness 
of Materials Qualified 

by Test Plate or 
Pipe, in. 

Min. Max. 

Type and Number of Test Specimens Required 

Section 
QB-462.5 [Note (1)l 

Less than V8 0.5 T 2 T  2 
to V8, incl. 'I16 2 T  2 

Over 3/8 '/16 2 T  2 

NOTE: 
(1) This test in itself does not constitute procedure qualification but must be validated by conductance of tests of butt or lap joints as appropriate. 

For joints connecting tension members, such as the stay or partition type in QB-462.5, the validation data may be based upon butt joints; 
for joints connecting members in shear, such as saddle or spud joints, the validation data may be based on lap joints. 
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QB-462.2(a) BRAZING DATA QB-462.2(b) 

p- 6 in. min. - 
T, in. 

All ferrous and nonferrous materials 

R--i 
CTli 

Plate Pipe 

GENERAL NOTE: 
For the first surface bend specimens, 
machine from the second surface as 
necessary until the required thickness 
is obtained. For second surface bend 
specimens, machine from the first 
surface as necessary until the 
required thickness is obtained. 

QB-462.2(a) TRANSVERSE FIRST AND SECOND SURFACE BENDS - PLATE AND PIPE 

GENERAL NOTE: 
For the first surface bend specimens, 
machine from the second surface as 
necessary until the required thickness 
is obtained. For second surface bend 
specimens, machine from the first 
surface as necessary until the 
required thickness is obtained. 

T, in. 

QB-462.2(b) LONGITUDINAL FIRST AND SECOND SURFACE BENDS - PLATE 
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BRAZING DATA QB.463.l(e) 

Redudact ion  tensile 

First surface bend test 
(if required) 

Horizontal plane (when pipe is brazed 

in horizontal-flow position) 
.-.-- tt 

GENERAL NOTES: 

Figure shown is for coupons over 3 in. 0. D. 
For coupons 3 in. 0. D. or less, two coupons are 
required for peel or section tests. One specimen 
shall be removed from each coupon. For coupons 
under 1 in. 0. D., the specimen width shall be a 
one-half section of the test coupon. 

Location 0 specimens to be: 

Second surface bend specimens for butt and scarf joints 
Peel or sectioning specimens for lap joints 
Sectioning specimens for rabbet joints 

QB-463.Ue) PIPE - PROCEDURE QUALIFICATION A99 

22 1 



BRAZING DATA 

t- Discard 

this piece M 

‘ I  

‘ I  

I ‘  
I ’  

I 

’ I I specimen 

I 1  this piece I I  

I 
I 

I 

Lap Joint 

(Note (111 

NOTE: 
(1) Required when peel test can be used 

QB-463.2(b) PLATES PERFORMANCE 
QUALIFICATION 

223 



QB4W 
*-- 

A99 

AB9 

__.- 

A99 

BRAZING DATA QB-492 

QB-490 DELETED 

QB-491 DELETED 

QB-492 DELETED 
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NONMANDATORY APPENDIX B QW-483 

QW483 (Back) 

f.n*k TOR ((IvT-lSo) 
POR No. 

9 Ultimate Ultimate Typ. of 
f*kn& Unit Stress Specimen Total Load 

No Width Thickness Area Ib psi Lmtlon 

Guided-Bend Tent (OW-160) 

Comments: 

Fillet-Weld Test IQW-180) 

~esutt - Satisfactory: Yes No Penetration into Parent Metal: Yes No- 

Y a m  - Resuks 

Other Tests 

Type of Test 
Deposit Analysis 
Other 

Stamp No Welder’s Name Clock No 
Tests conducted by 
We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the 
requirements of Section IX of the ASME Code 

Laboratory Test NO 

Manufacturer 

Date BY 
(Detail of record of tests are illustrative only and may be modified to conform to the type and number of tests required by the Code.) 

I 
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NONMANDATORY APPENDIX D 

APPENDIX D - NONMANDATORY P-NUMBER LISTING (CONT’D) 

P- Grp. spec. Type, Grade, 
No. No. No. or UNS No. 

P- Grp. Spec. Type, Grade, 
or UNS No. No. No. No. 

98 
Ah 

Steel and Steel Alloys (Contld) 

3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 

2 
2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 

SA-672 
SA-691 
SA491 
SA-691 

SA-302 
SA-302 
SA-302 
SA487 
SA487 
SA487 
SA-508 
SA-508 

SA-508 
SA-508 
SA-508 
SA-533 
SA-533 

SA-533 
SA-533 
SA-533 
SA-533 
SA-533 

SA-533 
SA-541 
SA-541 
SA-541 
SA-541 

SA-672 
SA-672 
SA-672 

SA-182 
SA-182 
SA-182 
SA-182 
SA-182 

SA-199 
SA-202 
SA-202 
SA-213 
SA-213 

SA-217 
SA-217 
SA-217 
SA-234 
SA-234 

SA-250 

L75 
’/,CR, CI. 2 
CM-70 
CM-75 

B 
C 
D 
Gr. 2, CI. A 
Gr. 2, CI. B 
Gr. 4, CI. A 
2, CI. 1 
2, CI. 2 

3, CI. 1 
3, CI. 2 
4N, CI. 3 
Type A, CI. 1 
Type A, CI. 2 

Type B, CI. 1 
Type 6, CI. 2 
Type C, CI. 1 
Type C, CI. 2 
Type D, Cl. 1 

Type D, CI. 2 
2, CI. 1 
2, CI. 2 
3, CI. 1 
3, CI. 2 

HE0 
J80 
J90 

F11, CI. 1 
F11, CI. 2 
F11, CI. 3 
F12, CI. 1 
F12, CI. 2 

T11 
A 
B 
T11 
T12 

w c 4  
w c 5  
WC6 
WP11, CI. 1 
WP12, CI. 1 

T11 

Steel and Steel Alloys (Cont‘d) 

4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 

4 
4 
4 

5A 
5A 
5A 
5A 
5A 

5A 
5A 
5A 
5A 
5A 

5A 
5A 
5A 
5A 
5A 

5A 
5A 
5A 
5A 
5A 

5A 
5A 
5A 
5A 
5A 

1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 

2 
2 
2 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

SA-335 
SA-335 
SA-336 
SA-336 

SA-336 
SA-336 
SA-369 
SA-369 
SA-387 

SA-387 
SA-387 
SA-387 
SA426 
SA426 

SA-541 
SA-691 
SA-691 
SA-739 

SA-333 
SA423 
SA423 

SA-182 
SA-182 
SA-182 
SA-199 
SA-199 

SA-199 
SA-213 
SA-213 
SA-217 
SA-234 

SA-250 
SA-335 
SA-335 
SA-336 
SA-336 

SA-336 
SA-336 
SA-369 
SA-369 
SA-387 

SA-387 
SA-387 
SA-387 
SA426 
SA426 

P11 
P12 
F l l ,  CI. 2 
F11, CI. 3 

F11, CI. 1 
F12 
F P l l  
FP12 
11, CI. 1 

11, CI. 2 
12, CI. 1 
12, CI. 2 
C P l l  
CP12 

11, CI. 4 
1 C R  
l’/,CR 
811 

4 
1 
2 

F21 
F22, CI. 1 
F22, CI. 3 
T4 
T21 

T22 
T2 1 
T22 
w c 9  
WP22, CI. 1 

T22 
P21 
P22 
F21, CI. 3 
F21, CI. 1 

F22, CI. 3 
F22, CI. 1 
FP21 
FP22 
21, CI. 1 

21, CI. 2 
22, CI. 1 
22, CI. 2 
CP21 
CP22 
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NONMANDATORY APPENDIX D 

APPENDIX D - NONMANDATORY P-NUMBER LIST!NG (CONT’D) A99 

P- Grp. spec. Type, Grade, P- Grp. Spec. Type, Grade, 
No. No. or UNS No. No. No. No. or UNS No. No. 

Steel and Steel Alloys (Cont’d) 

6 4 SA-487 
6 4 SA-731 
6 4 SA-815 

Steel and Steel Alloys (Cont’d) 

8 1 SA-213 
8 1 SA-213 
8 1 SA-213 
8 1 SA-213 

TP304H 
TP304L 
TP304LN 
TP304N 

CA6NM CI. B 
S41500 
S41500 

7 1 SA-240 
7 1 SA-240 
7 1 SA-240 
7 1 SA-268 
7 1 SA-268 

Type 405 
Type 409 
Type 410s 
S40800 
TP405 

8 1 SA-213 
8 1 SA-213 
8 1 SA-213 
8 1 SA-213 
8 1 SA-213 

8 
8 
8 
8 
8 

TP316 
TP316H 
TP316L 
TP316LN 
TP316N 

TP321 
TP321H 
TP347 
TP347H 
TP348 

7 
7 
7 

1 
1 
1 

SA-268 
SA-268 
SA479 

TP409 

405 
TP430Ti SA-213 

SA-213 
SA-213 
SA-213 
SA-213 

SA-182 
SA-240 
SA-240 
SA-240 
SA-268 

F430 
S44400 
Type 430 
Type 439 
18Cr-2 Mo 

SA-213 
SA-213 
SA-240 
SA-240 
SA-240 
SA-240 

TP348H 

S30500 
S30600 
S31753 

XM-15 

Type 302 

Type 304 
Type 304H 
Type 304L 
Type 304LN 
Type 304N 

SA-268 
SA-268 
S A 4 7 9  

SA479 
SA-479 

TP430 
TP439 
430 
439 
S44400 SA-240 

SA-240 
SA-240 
SA-240 
SA-240 

SA-731 
SA-731 
SA-803 

18Cr-2Mo 
TP439 
TP439 

7 
7 
7 

2 
2 
2 

SA-240 
SA-240 
SA-240 
SA-240 
SA-240 

Type 316 
Type 316Cb 
Type 316H 
Type 316L 
Type 316LN 

S30600 
F304 
F304H 
F304L 
F304LN 

SA-182 
SA-182 
SA-182 
SA-182 
SA-182 

SA-240 
SA-240 
SA-240 
SA-240 
SA-240 

Type 316N 
Type 316Ti 
Type 317 
Type 317L 
Type 321 

SA-182 
SA-182 
SA-182 
SA-182 
SA-182 

F304N 
F316 
F316H 
F316L 
F316LN 

SA-240 
SA-240 
SA-240 
SA-240 
SA-240 

Type 321H 
Type 347 
Type 347H 
Type 348 
Type 348H 

SA-182 
SA-182 
SA-182 
SA-182 
SA-182 

F316 
F317 
F317L 
F321 
F321H 

SA-240 
SA-240 
SA-249 
SA-249 
SA-249 

Type XM-15 
Type XM-21 
TP304 
TP304H 
TP304L 

SA-182 
SA-182 
SA-182 
SA-182 

F347 
F347H 
F348 
F348H 

SA-249 TP304LN 8 1 SA-213 TP304 8 1 
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NONMANDATORY APPENDIX D 
C" 

APPENDIX D - NONMANDATORY P-NUMBER LISTING (CONT'D) 

P- Grp. spec. Type, Grade, 
No. No. No. or UNS No. 

P- Grp. Spec. Type, Grade, 
or UNS No. No. No. No. 

NO6625 
NO6625 

NlOOOl 
N10665 
NlOOOl 
N10665 
NO6022 
NO6059 
NO6645 

NlOOOl 
N10003 
N10276 
N10665 
N10003 
N26022 

NO6022 
N 06059 
N10276 
N10003 
NO6022 
NO6059 
NO6455 
N10276 

NO6022 
NO6059 
NO6455 
N10276 
NO6022 
NO6059 
NO6455 

NlOOOl 
N10276 
N10665 
NO6022 
NO6059 
NO6455 

NlOOOl 
N10276 
N10665 
NO6022 
NO6059 
NO6455 

NlOOOl 
N10276 
N10665 

Copper and Copper-Base Alloys (Cont'd) Nickel and Nickel-Base Alloys (Cont'd) 

35 
35 
35 
35 
35 

SB-271 
SB-271 
SB-359 
SB-395 
SB-505 

C95200 
C95400 
C60800 
C60800 
C95200 

NO2200 
NO2201 
NO2200 
NO2201 
NO2200 

NO2201 
NO2200 
NO2201 
NO2200 
NO2201 

NO4400 
NO4400 
NO4400 
NO4405 
NO4400 
NO4400 
NO4400 

NO6600 
NO6690 
NO6600 
NO6690 
NO6600 

NO6690 
NO6600 
NO6690 
NO6002 
NO6600 
NO6625 
NO6002 
NO6625 

NO6625 
NO6625 
NO6600 
NO6600 
NO6600 

NO6625 
NO6690 
NO6002 
NO6002 
NO6002 
NO6002 

43 
43 

SB-704 
SB-705 

44 
44 
44 
44 
44 
44 
44 

SB-333 
SB-333 
SB-335 
SB-335 
SB-366 
SB-366 
SB-366 

Nickel and Nickel-Base Alloys 

4 1  
4 1  
41  
41  
41 

SB-160 
SB-160 
SB-161 
SB-161 
SB-162 44 

44 
44 
44 
44 
44 

68-366 
38-366 
SB-366 
SB-366 
s 0 4 3 4  
5a494 

41  
4 1  
41 
41  
41  

SB-162 
SB-163 
SB-163 
S 8-366 
SB-366 

44 
44 
44 
44 
44 
44 
44 
44 

SB-564 
SB-564 
SB-564 
SB-573 
SB-574 
SB-574 
SB-574 
38-574 

42 
42 
42 
42 
42 
42 
42 

SB-127 
SB-363 
SB-164 
SB-164 
SB-165 
S 8-366 
SB-564 

43 
43 
43 
43 
43 

SB-163 
SB-163 
SB-166 
SB-166 
SB-167 

44 
44 
44 
44 
44 
44 
44 

88-575 
SB-575 
SB-575 
SB-575 
SB-619 
SB-619 
SB-619 

43 
43 
43 
43 
43 
43 
43 
43 

SB-167 
SB-168 
SB-168 
38-366 
SB-366 
S 8-366 
s 0435 
s 8443  

44 
44 
44 
44 
44 
44 

SB-619 
SB-619 
SB-619 
SB-622 
SB-622 
SB-622 

43 
43 
43 
43 
43 

s 0444  
SB446 
SB-516 
SB-517 
SB-564 

44 . 
44 
44 
44 
44 
44 

SB-622 
SB-622 
SB-622 
SB-626 
SB-626 
SB-626 43 38-564 

43 SB-564 
43 38-572 
43 SB-619 
43 58-622 . -  
43 SB-626 

44 
44 
44 

SB-626 
SB-626 
SB-626 
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NONMANDATORY APPENDIX D 

APPENDIX D - NONMANDATORY P-NUMBER LISTING (CONT’D) 98 
A99 

P- Grp. spec. Type, Grade, 
No. No. or UNS No. No. 

P- Grp. Spec. Type, Grade, 
No. No. No. or UNS No. 

Nickel and Nickel-Base Alloys (Cont‘d) Titanium and Titanium-Base Alloys (Cont’d) 

45 
45 
45 
45 

S 8-688 
SB-690 
SB-690 
SB-691 

45 
45 
45 
45 
45 

SB-691 
SB-704 
SB-705 
SB-709 
SB-729 

46 
46 
46 
46 
46 

S 8-366 
SB-511 
SB-535 
SB-536 
SB-710 

47 
47 
47 
47 
47 

SB-435 
SB-572 
SB-619 
SB-622 
38-626 

Titanium and Titanium-Base Alloys 

5 1  
5 1  
5 1  
5 1  
5 1  
5 1  
5 1  
51 

SB-265 
SB-265 
SB-265 
SB-265 
SB-265 
SB-265 
SB-337 
SB-337 

5 1  
51 
5 1  
5 1  
5 1  
51 
5 1  
51 

SB-337 
SB-338 
SB-338 
88-338 
SB-338 
88-348 
SB-348 
S 8-348 

5 1  SB-348 

NO8367 
NO8366 
NO8367 
NO8366 

NO8367 
NO8825 
NO8825 
NO8028 
NO8020 

NO8330 
NO8330 
NO8330 
NO8330 
NO8330 

NO6230 
NO6230 
NO6230 
NO6230 
NO6230 

R50250 
R50400 
R52250 
R52252 
R52400 
R52402 
R50250 
R50400 

R52400 
R50250 
R50400 
R52400 
R52402 
R50250 
R50400 
R50402 

R52400 

5 1  
51 
51 
51 
51 
51 
51 
5 1  

SB-363 
SB-363 
88-363 
S 8-367 
SB-381 
SB-381 
S 8-381 
S 8-381 

52 
52 
52 
52 
52 
52 

SB-265 
SB-265 
88-337 
SB-33i 
SB-338 
SB-338 

52 
52 
52 
52 
52 

SB-348 
SB-348 
SB-363 
SB-363 
SB-367 

52 
52 

SB-381 
SB-381 

53 
53 
53 
53 
53 

SB-265 
58-337 
SB-338 
S B-348 
S 8-363 

53 SB-381 

Zirconium and Zirconium-Base Alloys 

61 
61 
61 
61 
61 

S B-493 
SB-523 
SB-550 
SB-551 
SB-658 

62 
62 
62 
62 
62 

SB-493 
SB-523 
SB-550 
SB-551 
SB-658 

R50250 
R50400 
R52400 
R50400 
R50250 
R50400 
R50402 
R52400 

R50550 
R53400 
R50550 
R53400 
R50550 
R53400 

R50550 
R53400 
R50550 
R53400 
R50550 

R50550 
R53400 

R56320 
R56320 
R56320 
R56320 
R56320 

R56320 

R60702 
R60702 
R60702 
R60702 
R60702 

R60705 
R60705 
R60705 
R60705 
R60705 
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